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C a s p e r ,  P a t r i  
A S i g n a l  Dete 
f o r  R e s p o n s e  
Kan towi t z .  

c i a  Ann. K.S., P u r d u e  U n i v e r i s i t y ,  May, 1 9 8 6 .  
c t i o n  A n a l y s i s  o f  B i m o d a l  A t t e n t i o n :  S u p p o r t  

I n t e r f e r e n c e .  M a j o r  P r o f e s s o r :  B a r r y  H. 

I n  an  e x p e r i m e n t  d e s i g n e d  t o  d i s t i n g u i s h  p e r c e p t u a l  

f r o m  r e s p o n s e  s o u r c e s  of d u a l - t a s k  i n t e r f e r e n c e  s u b j e c t s  

p e r f o r m e d  a c o n c u r r e n t  a u d i t o r y  and v i s u a l  t w o - c h o i c e  (same 

- d i f f e r e n t )  r e a c t i o n  t i m e  task where s i g n a l s  were p o s s i b l e  

i n  e i t h e r ,  b o t h ,  o r  n e i t h e r  c h a n n e l s  o n  a t r i a l  ( a n  

inc lus ive -OR t a s k ) .  Two v a r i a b l e s  were m a n i p u l a t e d  i n  o r d e r  

t o  o b t a i n  more e r r o r  d a t a ;  t h e  i n t e r s t i m u l u s  i n t e r v a l  ( I S I ) ,  

( 1 2 0 0  msec o r  1 6 0 0  msec), a n d  t h e  s p e e d  i n s t r u c t i o n s .  T h e  

s u b j e c t s  were  e i t h e r  g iven  n o  r e a c t i o n - t i m e  (KT) d e a d l i n e  o r  

w e r e  g i v e n  a d e a d l i n e  e q u a l  t o  80 8 o f  t h e  RT mean f r o m  a n  

e a r l i e r  block w i t h  t h e  same ISI. A l s o  i n c l u d e d  were s i n g l e -  

s t i m u l a t i o n  c o n t r o l  c o n d i t i o n s  f o r  b o t h  of t h e  m o d a l i t i e s  a t  

b o t h  of t h e  ISIs. P e r f o r m a n c e  measures e x a m i n e d  were RT, 

d ' ,  a n d  b e t a .  

The r e s u l t s  of t h e  e x p e r i m e n t  showed b e t t e r  p e r f o r m a n c e  

i n  t h e  s i n g l e - s t i m u l a t i o n  c o n t r o l  c o n d i t i o n s  t h a n  i n  any of  

t h e  d o u b l e - s t i m u l a t i o n  c o n d i t i o n s .  C r o s s  c h a n n e l  a n a l y s i s  

of t h e  d a t a  found t h a t  d' i n  t h e  a u d i t o r y  c h a n n e l  was w o r s e  

f 
c 



o n  on  t r i a l s  w i t h  a c o n c u r r e n t  v i s u a l  c h a n g e ,  v i s u a l  

r e s p o m e ,  o r  g r e a t e r  t han  median v i s u a l  RT,  w h i l e  v i s u a l  d' 

was i n d e p e n d e n t  of the  type of  a u d i t o r y  t r i a l .  T h e  o v e r a l l  

s u p e r i o r i t y  of pe r fo rmance  i n  t h e  v i s u a l  c h a n n e l  s u p p o r t e d  a 

v i s u a l  d o m i n a n c e  e x p l a n a t i o n  of  a u d i t o r y  - v i s u a l  

t i m e s h a r i n g ,  w h e r e b y  v i s u a l  i n p u t s  a r e  g i v e n  p r o c e s s i n g  

p r i o r i t y  a n d  any l e f t o v e r  c a p a c i t y  i s  used  f o r  p r o c e s s i n g  

a u d i t o r y  i n f o r m a t i o n .  

F u r t h e r  c o n t i n g e n t  a n a l y s e s  r e v e a l e d  t h a t  e x e c u t i n g  a 

response i n  t h e  o p p o s i t e  c h a n n e i  was t n e  major  c a u s e  of 

d u a l - t a s k  i n t e r f e r e n c e ,  a f i n d i n g  n o t  s u p p o r t e d  by 

perceptual i n t e r f e r e n c e  t h e o r i e s .  
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INTRODUCTION 

S c i e n t i s t s  have long  been  engaged i n  t h e  d i f f i c u l t  t a s k  

o f  c h a r a c t e r i z i n g  t h e  n a t u r e  of human a t t e n t i o n .  P a s t  a n d  

p r e s e n t  e f f o r t s  a t  e l u c i d a t i n g  t h i s  h y p o t h e t i c a l  e n t i t y  t h a t  

a l l o w s  u s  t o  s e l ec t  which i n f o r m a t i o n  t o  process i n  a w o r l d  

f u l l  o f  c o m p e t i n g  s t i m u l i  h a v e  y i e l d e d  d i v e r s e  r e s u l t s .  

E a r l y  work  i n  t h e  a r e a  p o r t r a y e d  a t t e n t i o n  as  a " f i l t e r "  

t h a t  c o u l d  o n l y  accept  i n f o r m a t i o n  f r o m  o n e  s o u r c e  a t  a 

t i m e ,  s e r v i n g  t o  p r o t e c t  a l i m i t e d  c a p a c i t y  c h a n n e l  f r o m  

i n f o r m a t i o n  o v e r l o a d  ( B r o a d b e n t ,  1 9 5 8 ) .  S u b s e q u e n t  

e x p e r i m e n t a t i o n  f o u n d  t h a t  s o m e  of t h e  i n f o r m a t i o n  

p r e v i o u s l y  t h o u g h t  t o  have escaped a w a r e n e s s  ( t h a t  wh ich  had 

n o t  p a s s e d  t h e  f i l t e r )  had i n d e e d  made c o n t a c t  w i t h  memoryl 

p r o v i d i n g  e v i d e n c e  o f  a w i d e r  beam f o r  t h e  " s p o t l i g h t "  of 

a t t e n t i o n  (Moray, 1959; T r i e s m a n ,  1960) .  

Recen t  work i n  t h e  a r e a  of  d i v i d e d  a t t e n t i o n ,  o r  

t i m e s h a r i n g ,  h a s  t u r n e d  u p  d a t a  t h a t  i s  i n c r e a s i n g l y  

s u p p o r t i v e  of a dynamic s y s t e m  of a t t e n t i o n ,  where  mu l t ip l e  

p a t t e r n s  of i n t e r a c t i o n s  c a n  be o b t a i n e d  by m a n i p u l a t i n g  

t a s k  d e m a n d s  a n d  t h e  a t t e n t i o n  a l l o c a t i o n  p o l i c i e s  of 

s u b j e c t s  ( W i c k e n s ,  1 9 8 0 ,  1981; Navon & G o p h e r ,  1 9 8 0 ) .  A 

d i f f e r e n t  p i c t u r e  of a t t e n t i o n  a p p e a r s  t o  emerge w i t h  e a c h  



2 

n e w  m e t h o d o l o g y  d e s i g n e d  t o  s t u d y  it. E r o a d h e n t  ( 1 9 8 2 )  

p r o v i d e s  a more- d e t a i l e d  h i s L o r y  of t h e  last t h r e e  d e c a d e s  

of p r o g r e s s  i n  t h e  f i e l d  of a t t e n t i o n  t h a n  may be a d d r e s s e d  

h e r e .  

The p r e s e n t  i n v e s t i g a t i o n  w i l l  a d d r e s s  t h e  i s sue  of t h e  

l o c u s  of  a t t e n t i o n  i n  b i m o d a l  t i m e s h a r i n g  t a s k s ,  t h a t  i s ,  

wh ich  s t a g e s  of p r o c e s s i n g  show the mos t  i n t e r f e r e n c e  when 

t a s k s  i n  d i f f e r e n t  m o d a l i t i c c  -\:e combined. The two s t a g e s  

of conce rn  a r e  t h e  e a r l y ,  o r  p e r c e p t u a l  s t a g e  and t h e  l a t e r ,  

r e s p o n s e  s t a g e .  A b r i e f  r ev iew of t h e  c u r r e n t  t i m e s h a r i n g  

l i t e r a t u r e  w i l l  b e  presented, l e a d i n g  u p  t o  t h e  d e s c r i p t i o n  

of a n  e x p e r i m e n t  d e s i g n e d  t o  d i s t i n g u i s h  p e r c e p t u a l  f r o m  

r e s p o n s e  i n t e r f e r e n c e .  A f t e r  t h e  r e s u l t s  of t h e  e x p e r i m e n t  

a r e  p r e s e n t e d  a n  a t t e m p t  w i l l  L>e made t o  f i t  t h e  f i n d i n g s  

i n t o  t h e  c u r r e n t  p i c t u r e  o f  a t t e n t i o n  i n  c o g n i t i v e  

psycho logy .  

T h e o r e t i c a l  a p p r o a c h e s  t o  t h e  s t u d y  of a t t e n t i o n  

Much of  t h e  work t h a t  h a s  b e e n  d o n e  i n  t h e  a r e a  o f  

a t t e n t i o n  i n  t h e  p a s t  d e c a d e  o r  s o  c a n  b e  c l a s s i f i e d  i n t o  

two main approaches :  t h e  s t r u c t u r a l  a p p r o a c h  and r e s o u r c e  

t h e o r y .  T h e  s t r u c t u r a l  a p p r o a c h  i s  f o c u s e d  on t h e  

a r c h i t e c t u r e  of t h e  i n f o r m a t i o n  p r o c e s s i n g  s y s t e m ,  a n d  i n  

p a r t i c u l a r ,  on  f i n d i n g  t h e  b o t t l e n e c k s  o r  p l a c e s  i n  t h e  

s y s t e m  w h e r e  l i m i t s  i n  p r o c e s s i n g  a r e  o b s e r v e d  t o  o c c u r .  

W i t h i n  t h e  s t r u c t u a l  a p p r o a c h  t h e r e  a r e  s e v e r a l  t h e o r i e s  
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t h a t  d i f f e r  on where t h e  main sources  of i n t e r f e r e n c e  a r e  

found. One group of r e s e a r c h e r s  p r o p o s e s  t h a t  t h e  major  

sources  of dual-task i n t e r f e r e n c e  l i e  i n  t h e  e a r l y  s t a g e s  of 

processing,  when more t h a n  one s t i m u l u s  m u s t  be encoded f o r  

p r o c e s s i n g .  Many e x p e r i m e n t s  u s i n g  a s econdary  p robe  

r e a c t i o n - t i m e  t a s k  t o  measure  t h e  amount of c a p a c i t y  

demanded by a pr imary  t a s k  ( s e e  K a n t o w i t z ,  1 9 7 4 ;  McLeod, 

1 9 7 8 )  h a v e  f o u n d  e v i d e n c e  t h a t  t h e  e n c o d i n g  s t a g e  of 

p r o c e s s i n g  does  indeed  consume c a p a c i t y  ( M i l l a r ,  1 9 7 5 ;  

Schwar t z ,  1 9 7 6 ;  & P r o c t o r  & P r o c t o r ,  1 9 7 9 ) .  T h i s  was 

cont ra ry  t o  previous f i n d i n g s  of no perceptua l  i n t e r f e r e n c e  

when m ~ l t i p l e  stimuli a re  e n c n d d  (Posner F; R n i e s ,  1971), 

F u r t h e r  ev idence  of an e a r l y  l o c u s  of a t t e n t i o n  has 

been reported by Triesman & Davies. A s s u m i n g  t h a t  redundant 

information should improve memory Triesman & Davies (1973) 

presented t h e  same s t i m u l i  t o  e i t h e r  t h e  same input  modality 

o r  t o  d i f f e r e n t  m o d a l i t i e s .  R e c a l l  was w o r s t  w h e n  

informat ion  was presented s imultaneously t o  one modality and 

bes t  when information was presented t o  different r n o d ~ l l t i e s .  

Triesman and Davies accepted these  f i n d i n g s  as evidence of 

s e p a r a t e  modality-specif  ic perceptua l  processing mechanisms 

t h a t  a r e  unable t o  e f f e c t i v e l y  process  m u l t i p l e  inputs .  

One  f i n a l  g roup  of e x p e r i m e n t s  s u p p o r t i n g  p e r c e p t u a l  

i n t e r f e r e n c e  i n  a t t e n t i o n  is found i n  t h e  s i g n a l  d e t e c t i o n  

l i t e r a t u r e .  Early s igna l  d e t e c t i o n  experiments by Moray & 

O'Brien ( 1 9 6 7 )  and Moray (1970a)  s u p p o r t e d  s e l e c t i v e  
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a t t e n t i o n  work by Tr iesman & Gc:ffin (1967)  t h r o u g h  f i n d i n g s  

o f  r e d u c e d  d e t e c t a b i l i t y  f o r  r e j e c t e d  m e s s a y e s .  r n  

a d d  i t  i o n ,  p o s  i t  i v e  c o r  r e l  a t  i onb b e t w e e n  d e t e c t  a b  i 1 i t y  a n d  

b i a s  ( b e t a )  s c o r e s  s u g g e s t e d  t l i a t  a t t e n t i o n  i s  s h a r e d  i n  

d i v i d e d  a t t e n t i o n  t a sks  w i t h  t h e  g r e a t e s t  d e c r e m e n t s  

r e s u l t i n g  when s i m u l t a n e o u s  t a r g e t s  occur .  

The second g roup  of r e s e a r c h e r s  w i t h i n  t h e  s t r u c t u r a l  

g r o u p  assumes p e r c e p t u a l  i n t e r f e r e n c e  t o  b e  m i n i m a l  a t  mos t ,  

w i t h  t h e  m a j o r i t y  of  i n t e r f e r e n c e  o c c u r r i n g  l a t e r  i n  t h e  

s y s t e m ?  d u r i n g  r e s p o n s e - p r o c e s s i n g  s t a g e s .  T h e  a p p r o a c h  

u s e d  i n  t h e  p r e s e n t  e x p e r i m e n t  f a l l s  i n t o  t h i s  c a t e g o r y .  

The m e t h o d o l o g i e s  used by t h i s  g r o u p  have r anged  f rom what  

c o u l d  be c l a s s i f i e d  a s  p sychop l lys i ca l ,  o r  s i g n a l  d e t e c t i o n  

e x p e r i m e n t s  ( O s t r y ,  Moray, & Marks, 1 9 7 6 ;  Moray ,  F i t t e r ,  

O s t r y ,  F a v r e a u ,  &I Nagy, 1 9 7 6 ;  S o r k i n ,  P o h l m a n n ,  & Woods, 

19761, t o  e x p e r i m e n t s  u s ing  s e m a n t i c  s t i m u l i  (Duncan, 1 9 8 0 ) ,  

t o  e x p e r i m e n t s  u s i n g  r e s p o n s e  f o r c e  as a d e p e n d e n t  v a r i a b l e  

( K a n t o w i t z ,  1 9 7 3 ) .  A number of e x p e r i m e n t s  f r o m  t h i s  c l a s s  

s h a l l  be c o v e r e d  i n  some d e t a i l  i n  t h e  n e x t  s e c t i o n .  

The  t h i r d  c l a s s  of t h e o r i e s  u n d e r  t h e  s t r u c t u r a l  

a p p r o a c h  c o n s i s t s  of t h o s e  t h a t  c a s t  a t t e n t i o n  i n  a m o r e  

d y n a m i c  r o l e  t h a n  t h e  f i r s t  two. T h e o r i e s  i n  t h i s  c l a s s  

assume t h a t  i n t e r f e r e n c e  can 0ccu.r a t  a number of l o c a t i o n s  

i n  t h e  sys t em.  T h i s  approach  p r e d i c t s  t h a t  m u l t i p l e  i n p u t s  

can be  p r o c e s s e d  s i m u l t a n e o u s l y  b u t  t h a t  t h e  c o s t  ( i n  terms 

of  e f f o r t  3 r  c a p a c i t y )  i n c r e a s e s  w i t h  t h e  d e p t h  o f  
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p r o c e s s i n g  ( J o h n s t o n  & H e i n z ,  1 9 7 8 ;  T r i e s m a n  & Davies, 

1 9 7 3 ) .  T h u s  i t  i s  " c h e a p e r "  i n  t e r m s  o f  c a p a c i t y  

e x p e n d i t u r e  t o  p r o c e s s  s i m u l t a n e o u s  i n p u t s  on tne b a s i s  of 

p h y s i c a l  i n f o r m a t i o n  a b o u t  t h e  i n p u t s  t h a n  t o  p r o c e s s  

s i m u l t a n e o u s  i n p u t s  f o r  s e m a n t i c  i n f o r m a t i o n ,  a l t h o u g h  i n  

t h e  s e c o n d  c a s e  t h e  t w o  t a s k s  c a n  s t i l l  b e  p e r f o r m e d  

s i m u l t a n e o u s l y .  The c o s t  of l a t e  s e l e c t i o n  would be p a i d  i n  

t h e  form of c o n f u s i o n  e r r o r s  O K  d e l a y e d  r e s p o n s e s  (misses i f  

t h e  t a s k  i s  f a s t - p a c e d )  t o  o n e  o r  b o t h  of t h e  i n p u t s ,  

h o w e v e r .  T h i s  i d e a  was f o r m u l a t e d  a s  e a r l y  as 1 9 5 6 ,  when 

B r o a d b e n t  f o u n d  t h a t  t w o  t a s k s  c o u l d  b e  t i m e s h a r e d  w i t h  a 

c o s t  i n  t h e  d e l a y  b u t  n o t  i n  t h e  a c c u r a c y  of r e s p o n d i n g  

(B r o a d b e n t ,  1 95  G b) . 
The s e c o n d  m a j o r  g r o u p  of t h e o r i s t s  c o n s i s t s  of t h o s e  

who s u b s c r i b e  t o  r e s o u r c e  t h e o r y ,  an a p p r o a c h  s i m i l a r  i n  

s o m e  r e s p e c t s  t o  t h e  d y n a m i c  s t r u c t u r a l  a p p r o a c h  j u s t  

m e n t i o n e d .  R e s o u r c e  t h e o r y  a s s u m e s  t h e  e x i s t e n c e  of a n  

i n t e r v e n i n g  v a r i a b l e ,  a r e s o u r c e ,  t h a t  i s  c o n s u m e d  when a 

t a s k  is  p e r f o r m e d .  Resoiirze t h e o r y  h a s  f o l l o w e d  s o m e w h 2 t  

t h e  same e v o l u t i o n a r y  h i s t o r y  as t h e  s t r u c t u r a l  t h e o r i e s  of 

a t t e n t i o n .  I n  t h e  e a r l y  y e a r s  of t h e  s t r u c t u r a l  a p p r o a c h ,  

s i n g l e  b o t t l e n e c k s  were f i r s t  p r o p o s e d ,  t h e n  a s  m o r e  a n d  

m o r e  e m p i r i c a l  e x c e p t i o n s  t o  t h e  s i n g l e  b o t t l e n e c k  w e r e  

f o u n d  t h e  a r c h i t e c t u r e  o f  t h e  i n f o r m a t i o n  c h a n n e l  was 

c h a n g e d  t o  p o r t r a y  a more  c o m p l e x  s y s t e m  h a v i n g  m u l t i p l e  

b o t t l e n e c k s  ( t h e  d y n a m i c  s t r u c t u r a l  a p p r o a c h ) .  R e s o u r c e  
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theory has gone t h e  same route.  I n  i t s  o r i g i n a l  formula t ion  

r e s o u r c e  t h e o r y  a s s u m e d  t h a t  a s i n g l e  p o o l  o f  

u n d i f f e r e n t i a t e d  c a p a c i t y  f u e l e d  t h e  e n t i r e  p r o c e s s i n g  

system, wi th  task  d i f f i c u l t y  and task p r i o r i t y  de te rmining  

t h e  a l l o c a t i o n  of r e s o u r c e s  t o  e a c h  t a s k  (Kahneman, 1973;  

Norman & Bobrow, 1975;  Navon & Gopher,  1979) .  D e t r i m e n t s  

i n  performance occurred when both tasks  demanded more than  

t h e  t o t a l  a v a i l a b l e  supply  of r e s o u r c e s .  When s i n g l e  

r e s o u r c e  t h e o r y  cou ld  n o t  a ccoun t  f o r  a number of f i n d i n g s  

of p e r f e c t  t imeshar ing  (Allport, Antonis, & Reynolds, 1972) 

and of d i f f i c u l t y  i n s e n s i t i v i t y  (Wickens,  1976)  i t  was 

r e v i s e d  t o  i n c l u d e  t h e  concept  of many p o o l s  of r e s o u r c e s .  

M u l t i p l e  r e s o u r c e  t h e o r y  p r o p o s e s  t h a t  t h e r e  a r e  s e v e r a l  

s e p a r a t e  "poo l s "  of r e s o u r c e s  ( c a p a c i t y )  a v a i l a b l e  f o r  

d i f f e r e n t  t y p e s  of p r o c e s s i n g ,  and t h a t  t a s k s  d rawing  on 

s e p a r a t e  sources  of capaci ty  w i l l  i n t e r f e r e  wi th  each o t h e r  

l e s s  than  t a s k s  using the same sources.  Sepa ra t e  pools  have 

been s u g g e s t e d  f o r  m o d a l i t i e s  of p r o c e s s i n g  ( v i s u a l  & 

a u d i t o r y ) ,  codes of processing ( s p a t i a l  & v e r b a l ) ,  s t a g e s  of 

process ing  (encoding, cen t ra l  process ing ,  & responding) , and 

responses  (manual & v o c a l )  ( W i c k e n s ,  1980, 1984). Although 

some have ques t ioned  t h e  u t i l i t y  of i nven t ing  new sources  of 

c a p a c i t y  f o r  each  new e m p i r i c a l  f i n d i n g  (Kan towi t z ,  1985)  

i t s  s u p p o r t e r s  have  met wi th  some success  i n  p r e d i c t i n g  t h e  

p a t t e r n s  of i n t e r f e r e n c e  f o r  c e r t a i n  p r e - s p e c i f  i e d  t a s k  

combina t ions .  M u l t i p l e  r e s o u r c e  t h e o r y  w o u l d  have few 
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p r o b l e m s  a c c o u n t i n g  f o r  t h e  p r e v i o u s l y  m e n t i o n e d  f i n d i n g s  of 

T r i e s m a n  & D a v i e s  ( 1 9 7 3 ) ,  f o r  e x a m p l e p  s i n c e  i t  p o s i t s  

s e p a r a t e  s o u r c e s  of c d p d c i t y  f o r  a u d i t o r y  a n d  v i s u a l  

p e r c e p t u a l  p r o c e s s e s .  

Now t h a t  t h e  g e n e r a l  t l i ( : O r e t i c a l  c l i m a t e ,  a l b e i t  

v a r i e d ,  h a s  been p r e s e n t e d ,  s e v e r a l  s t u d i e s  b e a r i n g  d i r e c t l y  

on b o t h  t h e  c o n c e p t u a l  f ramework and t h e  methodology of t h e  

c u r r e n t  expe r imen t  w i l l  be d i s c u s s e d .  

- A s i q n a l - d e t e c t i o n  a n a l v s i s  o f b h p d a l  t i m e s h a r m  

The p r e s e n t  i n v e s t i g a t i o n  uses t h e  me thods  p r e s c r i b e d  

by s i g n a l  d e t e c t i o n  t h e o r y  (Tanner  & Swet s ,  1954)  t o  s u p p o r t  

t h e  p o s i t i o n  t h a t  a t t e n t i o n a l  e f f e c t s  a r e  m o s t l y  d u e  t o  a 

l i m i t e d  s u p p l y  o f  ( o r  g r e a t e r  d e m a n d  f o r )  r e s p o n s e  

r e s o u r c e s .  A s i g n a l - d e t e c t i o n  a n a l y s i s  o f  p e r f o r m a n c e  i n  

b i m o d a l  t i m e s h a r i n g  tasks is p o t : c n t i a l l y  a p o w e r f u l  method 

f o r  l o c a l i z i n g  p r o c e s s i n g  b o t t l e n e c k s .  T h i s  a p p r o a c h  

p r o v i d e s  i n v a l u a b l e  t o o l s  f o r  s e p a r a t i n g  a n  i n d i v i d u a l ' s  

bias ( i n d u c e d  by m o t i v a t i o n )  i n  a t a s k  f r o m  h i s  a c t u a l  

s e n s i t i v i t y  t o  t h e  e x p e r i m e n t a l  s t i m u l i .  The method is a l s o  

e x p e r i m e n t a l l y  economica l  i n  t h a t  it a l lows  i n t e r p r e t a t i o n  

of p r e v i o u s l y  w a s t e d  e r r o r  d a t a .  

Most s i g n a l  d e t e c t i o n  a n a l y s e s  of m u l t i - c h a n n e l  

t i m e s h a r i n g  use o n e  of two p a r a d i g m s  : t h e  e x c l u s i v e - O R  

( X O R )  p a r a d i g m  or t h e  i n c l u s i v e - O R  ( I O R )  p a r a d i g m .  I n  t h e  

XOR t a s k  s i g n a l s  r e q u i r i n g  a r e s p o n s e  nay  o c c u r  i n  one ,  the 

o t h e r ,  o r  n e i t h e r  c h a n n e l  on a1117 g i v e n  t r i a l ,  b u t  n e v e r  i n  
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b o t h  c h a n n e l s  s i m u l t a n e o u s l y .  I n  t h e  I O R  t a s k ,  h o w e v e r ,  

s i g n a l s  can o c c u r  i n  one ,  t h e  o t h e r ,  n e i t h e r ,  o r  b o t h  

c h a n n e l s  on a g i v e n  t r i a l  (Moray & O ’ B r i e n ,  1 9 6 7 ) .  T h u s  

b o t h  t a s k s  r e q u i r e  s i m u l t a n e o u s  m o n i t o r i n g  of  t w o  c h a n n e l s ,  

b u t  o n l y  t h e  I O R  t a s k  r e q u i r e s  t h a t  t h e  s u b j e c t  m a k e  

c o n c u r  r e n t  r e sponses .  

U s i n g  a n  I O R  t a s k ,  S o r k i n ,  P o h l m a n n ,  & G i l l i o m  ( 1 9 7 3 )  

f o u n d  c r o s s - c h a n n e l  i n t e r f e r e n c e  a s s o c i a t e d  with a s i g n a l  

e v e n t  i n  t h e  o p p o s i t e  c h a n n e l .  S o r k i n  & P o h l m a n n  ( 1 9 7 3 )  

u s e d  t h e  XOR t a s k  t o  c r e a t e  A s i t u a t i o n  w h e r e  t h e  s u b j e c t  

had t o  m o n i t o r  two c h a n n e l s  s i m u l t a n e o u s l y  b u t  never had t o  

m a k e  simuitaneous r e spunses .  In tiiis ‘cask, as compzli-~d to 

t h e  I O R  t a s k ,  d e t e c t i o n  l e v e l s  on t h e  t w o  c h a n n e l  t a s k  

a p p r o a c h e d  t h o s e  of t h e  s i n g l e  c h a n n e l  c o n t r o l  c o n d i t i o n ,  

a n d  no  e v i d e n c e  of c r o s s - c h a n n e l  i n t e r f e r e n c e  was f o u n d ,  

s u p p o r t i n g  a p o s t - p e r c e p t u a l  l o c u s  o f  d u a l - t a s k  

i n t e r f e r e n c e ,  

I n  a b i n a u r a l  s i g n a l  d e t e c t i o n  e x p e r i m e n t  S o r k i n ,  

P o h l m a n n ,  a n d  Woods ( 1 9 7 6 )  i n s t r u c t e d  s u b j e c t s  t o  

s i m u l t a n e o u s l y  d e t e c t  t h e  p r e s e n c e  of b r i e f l y - p r e s e n t e d  

s i g n a l s  a t  two d i f f e r e n t  f r e q u e n c i e s .  The  t a s k  was a n  I O R  

t a s k ,  R e s u l t s  c o n f i r m e d  t h a t  p e r f o r m a n c e  on one  c h a n n e l  was 

a f f e c t e d  by t h e  n a t u r e  of evev t  o c c u r r i n g  i n  t h e  o t h e r  

c h a n n e l  -- s p e c i f i c a l l y  t h a t  a s i g n a l  o r  a ”yes” r e s p o n s e  i n  

one  c h a n n e l  i n t e r f e r e d  w i t h  s i g n a l  d e t e c t i o n  p e r f o r m a n c e  i n  

t h e  o t h e r  c h a n n e l .  F o r  e a c h  t r i a l  t h e  t o t a l  e n e r g y  ( s i g n a l  
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and  n o i s e  c o m b i n e d )  f o r  e a c h  c h a n n e l  was  c o m p u t e d .  No 

e f f e c t  o f  t h e  e n e r g y  l e v e l  i n  t h e  o t h e r  c h a n n e l  GII d '  o r  

b e t a  was o b s e r v e d .  F u r t h e r ,  t h e  e n e r g y  l e v e l  i n  a c h a n n e l  

was n o t  s i g n i f i c a n t l y  c o r r e l a t e 4  w i t h  t h e  t y p e  of r e s p o n s e  

( y e s  v e r s u s  n o ,  c o r r e c t  v e r s u s  i n c o r r e c t )  o c c u r r i n g  i n  t h e  

o t h e r  c h a n n e l .  S o r k i n  e t  a l .  c o n c l u d e d  t h a t  s i n c e  a n  

e n e r g y - r e l a t e d  e x p l a n a t i o n  of c r o s s - c h a n n e l  i n t e r f e r e n c e  had 

f a i l e d ,  t h e  s o u r c e  of t h e  o b s e r v e d  d u a l - t a s k  d e c r e m e n t  m u s t  

be  l o c a t e d  f u r t h e r  i n t o  t h e  i n f o r m a t i o n - p r o c e s s i n g  s y s t e m .  

Under  t h e  a s s u m p t i o n  t h a t  e a c h  s e n s o r y  s y s t e m  i s  

c h a r a c t e r i z e d  by i t s  own c h a r a c t e r i s t i c  p a t t e r n  of i n t e r n a l  

n o i s e ,  E i j k m a n  a n d  V e n d r i k  ( 1 9 6 5 )  s o u g h t  c o r r e l a t i o n s  

b e t w e e n  t h e  n o i s e  f r o m  d i f f e r e n t  c h a n n e l s  i n  o r d e r  t o  

s u p p o r t  t h e i r  h y p o t h e s i s  t h a t  a u d i t o r y  a n d  v i s u a l  s i g n a l  

d e t e c t i o n  p r o c e e d s  i n d e p e n d e n t l y .  I n  t h e  e x p e r i m e n t ,  

s u b j e c t s  c o n c u r r e n t l y  d e t e c t e d  i n c r e m e n t s  i n  t h e  i n t e n s i t y  

of a u d i t o r y  a n d  v i s u a l  s t i m u l i .  The  t o t a l  d u r a t i o n  o f  t h e  

s i g n a l s  was 2 s e c o n d s ,  w i t h  a n  i n c r e m e n t  (o f  u n s p e c i f i e d  

m a g n i t u d e )  p o s s i b l e  a f t e r  1 s e c o n d  of p r e s e n t a t i o n .  

E i j k m a n  a n d  V e n d r i k  f o u n d  t h a t  t h e  p r o b a b i l i t y  of a 

f a l s e  alarm ( r e s p o n d i n g  t o  a non- inc remen t )  i n  one  c h a n n e l  

was n o t  i n f l u e n c e d  by t h e  p r e s e n c e  or a b s e n c e  of a s t i m u l u s  

i n  t h e  o t h e r  c h a n n e l ,  and  f u r t h e r  t h a t  t h e  p r o b a b i l i t y  of a 

h i t  ( r e s p o n d i n g  c o r r e c t l y  t o  a n  i n c r e m e n t )  was n o t  r e l a t e d  

t o  t h e  t y p e  of e v e n t  i n  t h e  o t h e r  channe l .  C a l c u l a t i o n s  of 

t h e  d e t e c t a b i l i t y ,  o r  d ' ,  i n  a c h a n n e l  r e v e a l e d  t h a t  
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d e t e c t i o n  i n  o n e  c h a n n e l  u n d e r  d u ; i l - t  a s k  c o n d i t i o n s  w a s  

i d e n t i c a l ,  i f  n o t  b e t t e r  t h a n  that o c c u r r i n g  w i t h  a s i n g l e -  

task.  Comparable  r e s u l t s  f roni s i m i l a r  e x p e r i m e n t s  have  been  

r e p o r t e d  by P a s t o r e  & S o r k i n  ( 1 9 7 2 ) .  F u r t h e r ,  E i j k m a n  a n d  

V e n d r i k  f o u n d  t h a t  t h e  n o i s e s  p r e s e n t  i n  t h e  t w o  c h a n n e l s  

were  n o t  c o r r e l a t e d .  C o n t r a r y  t o  t h e s e  r e s u l t s  of  

independence  a n e a r l y  p e r f e c t  c o r r e l a t i o n  was found b e t w e e n  

t h e  n o i s e  c h a r a c t e r i s t i c  t o  e a c h  o f  t h e  c h a n n e l s  when t h e  

t a s k  was t o  d e t e c t  i n c r e m e n t s  i n  s t i m u l u s  d u r a t i o n .  

E i j k m a n  a n d  V e n d r i k  i n t e r p r e t e d  t h e i r  r e s u l t s  a s  

e v i d e n c e  t h a t  t h e r e  a r e  t w o  s e p a r a t e  m o d a l i t y - s p e c i f  i c  

c e n t e r s  f o r  i n t e n s i t y  d e t e c t i o n  b u t  o n l y  o n e  " d u r a t i o n  

c e n t e r " .  E i jkman and V e n d r i k ' s  r e s u l t s  c a n n o t  be a c c e p t e d  as 

c o n c l u s i v e  e v i d e n c e  of i n d e p e n d e n t  a u d i t o r y  a n d  v i s u a l  

i n f o r m a t i o n  p r o c e s s i n g  b e c a u s e  of s e v e r a l  f a c t o r s .  F i r s t ,  

t h e  t a s k  c o u l d  b e  c o n s i d e r e d  " p e r c e p t u a l l y  e a s y "  s i n c e  t h e  

s t i m u l i  were c o n s t a n t l y  "on" a n d  t h e  sub jec t  d i d  n o t  have  t o  

r e l y  on memory t o  h o l d  a r e p r e s e n t a t i o n  of t h e  p r e v i o u s  

i n t e n s i t y  l e v e l .  Second, t h e  i n t e n s i t y  i n c r e m e n t s  g i v e n  t o  

t h e  subjects were unrepor t ed .  I f  t h e y  were of l a r g e  enough 

m a g n i t u d e  t h e y  c o u l d  have a c c o u n t e d  f o r  t h e i r  r e su l t s  of no 

d u a l - t a s k  i n t e r f e r e n c e .  F i n a l l y ,  t h e  t a s k  was  p a c e d  

r e l a t i v e l y  s l o w l y ,  and could  have  been a f a i r l y  easy  task  t o  

p e r f o r m  ( 2  s e c o n d  s t i m u l u s  p r e s e n t a t i o n s  w i t h  a n  8 s e c o n d  

I S I ) .  Some r e s e a r c h e r s  have p roposed  t h a t  d i v i d e d  a t t e n t i o n  

e f f e c t s  on ly  occur  i n  d i f f i c u l t  t a sk  s i t u a t i o n s  ( T r i e s m a n  & 
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D a v i e s ,  1 9 7 3 ;  S h i f f r i n  & Gran than i ,  1 9 7 4 )  where  d i f f i c u l t y  

i s  m a n i p u l a t e d  by t h e  t y p e  of  t a s k  u s e d  ( v e r b a l  v e r s u s  

s i g n a l  d e t e c t i o n )  o r  by t h e  r a t e  o f  p r e s e n t a t i o n  o f  

m a t e r i a l .  A t r i - c h a n n e l  ( a u d i t o r y ,  v i s u a l ,  a n d  t a c t i l e )  

s i g n a l  d e t e c t i o n  exper imer , t  conduc ted  by S h i f f r i n  & Grantham 

( 1 9 7 4 )  f o u n d  r e s u l t s  s i m i l a r  t o  E i j k m a n  a n d  V e n d r i k  ( 1 9 6 5 )  

when a s i n g l e - t r i a l  p a r a d i g m  was u s e d ,  a n d  r e s u l t s  o f  

c r o s s - c h a n n e l  i n t e r f e r e n c e  r e p l i c a t i n g  S o r k i n ,  Pohlmann, & 

G i l l i o m  (1973) ,  when a r e p e a t e d - t r i a l s  p r o c e d u r e  was used. 

T a s k  d i f f i c u l t y  a p p e a r s  t o  p lc iy  a n  i m p o r t a n t  r o l e  i n  t h e  

d e g r e e  t o  w h i c h  m u l t i p l e  t a s k s  c a n  be e f f e c t i v e l y  

t i m e s h a r e d ,  a p r e m i s e  long  h e l d  by resource t h e o r y .  

The  p r e s e n t  e x p e r i m e n t  was i n  p a r t  a r e p l i c a t i o n  o f  a 

p r e v i o u s  r e l a t e d  e x p e r i m e n t  ( C a s p e r  & K a n t o w i t z ,  1 9 8 5 )  i n  

w h i c h  t h e  t e m p o r a l  s t r u c t u r e  a n d  p a t t e r n  o f  c h a n g e  w i t h i n  

s e q u e n c e s  of a u d i t o r y  and v i s u a l  s t i m u l i  were m a n i p u l a t e d  i n  

o r d e r  t o  examine  t h e  n a t u r e  of c r o s s - c h a n n e l  d e p e n d e n c i e s  i n  

t h e  d u a l - t a s k  s i t u a t i o n .  I n  t h e  r e l a t e d  e x p e r i m e n t ,  

subjects were i n s t r u c t e d  te p r e s s  a response k q 7  ( o n e  f e r  

e a c h  m o d a l i t y )  upon  d e t e c t i o n  of c h a n g e s  i n  a u d i t o r y  a n d  

v i s u a l  s t i m u l i .  T h e  s e q u e n c e s  of 1 0 0  b i m o d a l  s t i m u l u s  

p r e s e n t a t i o n s  c o n s i s t e d  of r e d  o r  blue r e c t a n g l e s  and h igh-  

o r  l o w - f  r e q u e n c y  t o n e s .  A c h a n g e  was d e f i n e d  as t h e  

o c c u r r e n c e  of a s t i m u l u s  t h a t  was d i f f e r e n t  ( i n  p i t c h  o r  i n  

c o l o r )  from t h e  p r e v i o u s  s t i m u l u s .  The t a s k  was a n  IO2 t a s k  

( d e f i n e d  p r e v i o u s l y )  whereby  c h a n g e s  c o u l d  o c c u r  i n  t h e  



1 2  

Y 

a u d i t o r y  c h a n n e l ,  t h e  v i s u c : l  c h a n n e l ,  b o t h  c h a n n e l s  

s i m u l t a n e o u s l y ,  or  n e i t h e r  channe l .  Sequences  h a d  e i t h e r  a 

2 : l  o r  a 1:l  r a t i o  of v i s u a l  t o  d u d i t o r y  s t i m u l i  a n d  e i t h e r  

a f i x e d  ( w i t h  c h a n g e s  on e v e r y  o t h e r  t r i a l )  o r  a r andom 

p a t t e r n  o f  c h a n g e s ,  w h e r e  t h e .  o v e r a l l  p r o b a b i l i t y  of a 

c h a n g e  i n  t h e  s e q u e n c e  was . 5 .  T h e r e  were no  s e q u e n t i a l  

d e p e n d e n c i e s  w i t h i n  or  between the c h a n n e l s ,  as  is s o m e t i m e s  

t h e  c a s e  i n  o t h e r  s i g n a l  d e t e c t i o n  e x p e r i m e n t s  where  no  

t a r g e t  w i l l  be  p r e s e n t e d  f o r  a s p e c i f i e d  p e r i o d  f o l l o w i n g  a 

p r i o r  t a r g e t .  I n  t h e  2:l c o n d i t i o n  a v i s u a l  s t i m u l u s  was 

p r e s e n t e d  once  eve ry  1 6 0 0  m i l l i s e c o n d s ,  w i t h  a c o r r e s p o n d i n g  

a u d i t o r y  s t i m u l u s  o c c u r r i n q  o n l y  o n c e  e v e r y  3 2 0 0  

m i l l i s e c o n d s .  I n  t h e  1:l c o n d i t i o n  b o t h  a v i s u a l  a n d  a n  

a u d i t o r y  s t i m u l u s  o c c u r r e d  e v e r y  1 6 0 0  m i l l i s e c o n d s .  

Dependent  m e a s u r e s  i n c l u d e d  t h e  L 'crcentage of h i t s  and f a l s e  

a l a r m s  ( l a t e r  t r a n s f o r m e d  i n t o  d '  s c o r e s ) ,  r e a c t i o n  t i m e  

measured  i n  m i l l i s e c o n d s ,  and d'2/RT, a measure r e f l e c t i n g  

i n f o r m a t i o n  p r o c e s s i n g  r a t e  ( T a y l o r ,  L i n d s a y  & F o r b e s ,  

1 9 6 7 ) .  

T h i s  p a r a d i g m  d i f f e r s  f r o m  t h e  t r a d i t i o n a l  s i g n a l  

d e t e c t i o n  e x p e r i m e n t  i n  a s u b t l e  b u t  n o n e t h e l e s s  i m p o r t a n t  

way. On any  t r i a l  of t h e  t y p i c a l  s i g n a l  d e t e c t i o n  t a s k ,  a 

s i g n a l  i s  d e f i n e d  as  t h e  p r e s e n c e  of a s e n s o r y  s t i m u l u s  

( e n e r g y )  e i t h e r  a l o n e  o r  embedded i n  n o i s e .  I n  t h e  Caspe r  & 

K a n t o w i t z  e x p e r i m e n t  a s e n s o r y  s t i m u l u s  w a s  p r e s e n t e d  on 

e v e r y  t r i a l  ( e x c e p t  i n  t h e  2 : l  c a s e )  a n d  a s i g n a l  was 
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d e f i n e d  a s  t h e  o c c u r r e n c e  of a s e n s o r y  s t i m u l u s  h a v i n g  a 

d i f f e r e n t  v a l u e  t h a n  t h e  p r e v i o u s  one. Thus t h e  t a s k  c o u l d  

b e  c o n s i d e r e d  a s a m e - d i f f e r e n t  r e c o g n i t i o n  t a s k  w h e r e  t h e  

s u b j e c t s  o n l y  r e spond  t o  " d i f f e r e n t "  s t i m u l i ,  a " c - r e a c t i o n "  

( D o n d e r s ,  1 9 6 9 ) .  T h i s  p a r a d i g m  p r e s u m a b l y  i n v o l v e s  

p r o c e s s i n g  a t  a d e e p e r  c o g n i t i v e  l e v e l  t h a n  t h e  s t r i c t  

d e t e c t i o n  p a r a d i g m  and c o u l d  be c o n s i d e r e d  r o u g h l y  

e q u i v a l e n t  t o  t h e  t a s k  u s e d  by E i j k m a n  & V e n d r i k  ( 1 9 6 5 )  i n  

wh ich  sub jec t s  d e t e c t e d  i n c r e m e n t s  i n  i n t e n s i t y  of s t i m u l i .  

T h e  r e s u l t s  of t h e  C a s p e r  b K a n t o w i t z  e x p e r i m e n t  

v e r i f i e d  t h a t  pe r fo rmance  i n  b o t h  c h a n n e l s  ( m o d a l i t i e s )  was 

b e t t e r  i n  t h e  2:l t h a n  t h e  1:l c o n d i t i o n ,  a n d  t h a t  a f i x e d  

p a t t e r n  of change  was easier  t o  d e t e c t  t h a n  a random p a t t e r n  

of c h a n g e .  I n  a d d i t i o n ,  i n  t h e  2:l r a n d o m l y - c h a n g i n g  

s e q u e n c e s ,  a t o n e  i n  t h e  a u d i t o r y  c h a n n e l  i n t e r f e r e d  w i t h  

d e t e c t i o n  of c h a n g e s  i n  t h e  v i s u a l  c h a n n e l .  T h a t  i s ,  

p e r f o r m a n c e  i n  t h e  v i s u a l  c h a n n e l  was b e t t e r  on t h o s e  t r i a l s  

on  w h i c h  no  t o n e  was p r e s e n t e d  t h a n  on  t r i a l s  w h e r e  a n  

a u d i t o r y  and a v i s u a l  s t i n u l u s  were p r e s e n t e d  C Q n C U E r e ! I t l y i  

F u r t h e r ,  i n  t h e  1:l randomly-changing c o n d i t i o n ,  a t a r g e t  (a 

change  i n  t h e  c o l o r  of t h e  r e c t a n g l e s )  i n  t h e  v i s u a l  c h a n n e l  

c a u s e d  a d e c r e a s e  i n  a u d i t o r y  s e n s i t i v i t y  ( a 8 ) ,  b u t  t h e  

t r i a l  t y p e  ( t a r g e t ,  n o  t a r g e t )  i n  t h e  a u d i t o r y  c h a n n e l  h a d  

no e f f e c t  on v i s u a l  channel  performance. These  r e s u l t s  were 

r e f l e c t e d  i n  b o t h  d '  and d82/RT t r a n s f o r m a t i o n s ,  a n d  were 

s u p p o r t i v e  o f  a r e s p o n s e  i n t e r f e r e n c e  e x p l a n a t i o n  o f  t h e  
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-4 d u a l - t a s k  d e c r e m e n t .  T h e  p r e s e n c e  of a n  e v e n t  r e q u i r i n g  a 

r e s p o n s e  i n  o n e  c h a n n e l  h a d  a d e l e t e r i o u s  e f f e c t  o n  

p e r f o r m a n c e  i n  t h e  o t h e r  c h a n n e l .  I d e a l l y ,  t h e  e f f e c t  of  

a c t u a l l y  making a r e sponse  i n  one c h a n n e l  on p e r f o r m a n c e  i n  

t h e  o t h e r  c h a n n e l  s h o u l d  have been  a n a l y z e d ,  b u t  t h e  l a c k  of 

s u f f i c i e n t  e r r o r  d a t a  p r e c l u d e d  s u c h  an  a n a l y s i s .  

Casper and Kantowi tz  i n t e r p r e t e d  t h e  r e s u l t s  f rom t h e  

1:l c o n d i t i o n  as e v i d e n c e  i n  s u p p o r t  o f  e i t h e r  t h e  v i s u a l  

d o m i n a n c e  phenomenon ( P o s n e r ,  N i s s e n ,  & K l e i n ,  1 9 7 6 )  o r  a s  

e v i d e n c e  of a b i a s  i n  f a v o r  of t h e  v i s u a l  over  t h e  a u d i t o r y  

channe l .  A v i s u a l  dominance i n t e r p r e t a t i o n  of  t h e  r e s u l t s  

c r e d i t s  t h o  i n t r i n s i c a l l y  g r e a t e r  a1ertjnTj c a p h i l j i - i p s  nf 

t h e  a u d i t o r y  s i g n a l s  w i t h  c a u s i n g  m o r e  r e s o u r c e s  t o  be - 
a l l o t t e d  t o  t h e  v i s u a l  c h a n n e l ;  i t  i s  " p r o t e c t e d "  f r o m  

a u d i t o r y  i n t e r f e r e n c e .  A l t e r n a t i v e l y ,  an  i m p l i c i t  b i a s  f o r  

a t t e n d i n g  t o  t h e  v i s u a l  s t i m u l i  may have  been c r e a t e d  s i n c e  

t h e r e  was a g r e a t e r  number  of v i s u a l  t h a n  a u d i t o r y  s t i m u l i  

o v e r a l l  i n  t h e  exper iment .  The s u b j e c t  may have  been  l e d  t o  

b e l i e v e  t h a t  t h e  visual  s t i m i i l i  were of g r e a t e r  i m p c r t a n c e  

d u e  t o  t h e i r  g r e a t e r  number ,  d e s p i t e  i n s t r u c t i o n s  t o  pay  

e q u a l  a t t e n t i o n  t o  b o t h  c h a n n e l s .  The  p r e s e n t  e x p e r i m e n t  

i n c l u d e s  t h e  same number o f  a u d i t o r y  a n d  v i s u a l  s t i m u l i  

( o n l y  t h e  1:l r a n d o m l y - c h a n g i n g  s e q u e n c e s  f r o m  t h e  f i r s t  

e x p e r i m e n t  were u s e d )  t o  m o r e  e f f e c t i v e l y  t e s t  t h e  v i s u a l  

d o m i n a n c e  e x p l a n a t i o n  of a u d i t o r y - v i s u a l  t i m e s h a r i n g .  I f  

v i s u a l  dominance ,  a n d  not a i m p l i c i t  b i a s  t o w a r d s  r e s p o n d i n g  6-  



15 

t o  v i s u a l  s t i m u l i  was r e s p o n s j b l e  f o r  t h e  r e s u l t s  of t h e  

p r e v i o u s  e x p e r i m e n t ,  t h e  same p a t t e r n  of r e s u l t s  s h o u l d  show 

up i n  t h e  p r e s e n t  e x p e r i m e n t  w h e r e  no imp l i c i t  b i a s e s  e x i s t .  

The P r e s e n t  experi- 

A t  t e s t  i n  t h e  p r e s e n t  e x p e r i m e n t  were t h e  c l a s s e s  of 

t h e o r i e s  known as p e r c e p t u a l  i n t e r f e r e n c e  t h e o r i e s  and t h o s e  

known as  r e s p o n s e  i n t e r f e r e n c e  t h e o r i e s .  B o t h  t y p e s  of 

t h e o r i e s  a g r e e  t h a t  c a p a c i t y  i s  l i m i t e d  s o m e w h e r e  i n  t h e  

s y s t e m .  They d i s a g r e e  on w h e r e  t h e  g r e a t e s t  a m o u n t  of  

i n t e r f e r e n c e  w i l l  o c c u r  i n  t h e  s y s t e m  g i v e n  m u l t i p l e  

s t i m u l i .  T h e  p r o p o s e d  e x p e r i m e n t  was d e s i g n e d  t o  

s p e c i f i c a l l y  t e s t  m o d e l s  t h a t  a l l o w  e s s e n t i a l l y  p a r a l l e l  

p e r c e p t u a l  p r o c e s s i n g  but  p r e d i c t  g r e a t e r  i m p a i r m e n t s  l a t e r  

i n  p r o c e s s i n g  when s i m u l t a n e o u s  i n p u t s  compe te  f o r  c a p a c i t y  

( K a n t o w i t z  & K n i g h t ,  1 9 7 6 ;  S o r k i n ,  Pohlmann, & Woods, 1976;  

& S h i f f r i n  & G r a n t h a m ,  1 9 7 4 ) .  T h i s  w o u l d  i c c l u d e  r e s o u r c e  

t h e o r i e s  where  e a c h  m o d a l i t y  h a s  i t ' s  own p o o l  of perceptual  

r e s o u r c e s  w h i l e  r e s p o n s e  p r o c e s s e s  s h a r e  a common p o o l  o f  

r e s o u r c e s ,  a n d  s t r u c t u r a l  t h e o r i e s  w i t h  l i m i t e d  c a p a c i t y  

a v a i l a b l e  t o  l a t e r  s t a g e s  of p r o c e s s i n g .  

The  e x p e r i m e n t  e m p l o y e d  a s i m u l t a n e o u s  a u d i t o r y  a n d  

v i s u a l  s i g n a l  d e t e c t i o n  pa rad igm,  where  s u b j e c t s  r e sponded  

t o  r andom c h a n g e s  i n  p i t c h  of t h e  a u d i t o r y  s t i m u l i  a n d  

c h a n g e s  i n  t h e  h u e  of  t h e  v i s u a l  s t i m u l i .  A s  i n  t h e  

p r e v i o u s  e x p e r i m e n t ,  an IOR task was u s e d .  S u b j e c t s  w e r e  

t o l d  t o  d i v i d e  a t t e n t i o n  e q u a l l y  be tween  t h e  two m o d a l i t i e s ,  
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o r  c h a n n e l s ,  a s  t h e y  w i l l  b e  c a l l e d .  W i t h i n  a n  

e x p e r i m e n t a l  c o n d i t i o n  s u b j e c t s  were  p r e s e n t e d  s i m u l t a n e o u s  

a u d i t o r y  and v i s u a l  s t i m u l i  o c c u r r i n g  a t  a c o n s t a n t  i n t e r -  

s t i m u l u s  i n t e r v a l  t h r o u g h o u t  t h e  sequence ,  w i t h  t h e  s u b j e c t s  

u n d e r s t a n d i n g  t h a t  f o r  a r e s p o n s e  t o  be c o u n t e d  a s  c o r r e c t  

t h e y  had t o  respond b e f o r e  t h e  p r e s e n t a t i o n  of t h e  n e x t  p a i r  

of s t i m u l i .  S u b j e c t s  p e r f o r m e d  u n d e r  c o n d i t i o n s  o f  s h o r t  

a n d  l o n g  i n t e r - s t i m u l u s  i n t e r v a l s ,  n o r m a l  a n d  s p e e d -  

emphas ized  i n s t r u c t i o n s ,  and s i n g l e -  and d o u b l e - s t i m u l a t i o n  

( K a n t o w i t z ,  1 9 7 4 ) .  The  i n d e p e n d e n t  v a r i a b l e s  were c h o s e n  

f o r  t h e i r  a b i l i t y  t o  i n c r e a s e  e r r o r  d a t a  o v e r a l l  (misses a n d  

f a l s e  a l a r m s )  i n  o r d e r  t o  p r o v i d e  a r i c h e r  d a t a  base f o r  

s u b s e q u e n t  a n a l y s i s .  

P r e d i c t i o n 2  

O v e r a l l  p e r f o r m a n c e  ( a s  measured  by d l )  s h o u l d  be  w o r s e  

i n  b o t h  t h e  s h o r t e r  IS1 and s p e e d  i n s t r u c t i o n s  c o n d i t i o n s .  

S i n c e  a t t e n t i o n  i s  s h a r e d  be tween  t h e  two  tasks ,  l e s s  t ime  

a l l o t t e d  b e t w e e n  t r i a l  (a  shorter ISI) s h o u l d  r e s u l t  i n  

p o o r e r  d e t e c t i o n .  

The a c c u r a c y  and t h e  l a t e n c y  of r e s p o n s e s  i n  a c h a n n e l  

s h o u l d  d e p e n d  on t h e  l a t e n c y  of a c o r r e c t  r e s p o n s e  i n  t h e  

o t h e r  c h a n n e l .  I n  p a r t i c u l a r ,  d '  o n  o n e  t a s k  s h o u l d  b e  

i n v e r s e l y  r e l a t e d  t o  t h e  l a t e n c y  of a r e s p o n s e  i n  t h e  o t h e r  

t a s k ,  a n d  t h e  r e a c t i o n  t i m e  f o r  o n e  t a s k  s h o u l d  b e  

p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e  la t , ency  of a r e s p o n s e  f o r  t h e  

o t h e r  t a s k .  T h i s  p r e d i c t i o n  a s s u m e s  t h a t  t h e  p r o c e s s i n g  
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s y s t e m  h a s  an  o v e r a l l  l i m i t  o n  r : , ipacity ( i n d u c e d  e $ t h e r  by 

o v e r a l l  l i m i t s  o r  b y  l i m i t - : ;  a t  a s p e c i f i c  s t a q e  of  

p r o c e s s i n g ) ,  and  t h a t  l a r g e  d e p l e t i o n s  of t h a t  c a p a c i t y  by 

one  of t h e  t asks  s h o u l d  p roduce  i m p a i r m e n t s  i n  p e r f o r m a n c e  

of  t h e  o t h e r  t a s k .  I n  o t h e r  w o r d s ,  o v e r a l l  c a p a c i t y  i s  

s h a r e d  b e t w e e n  t h e  t w o  t a s k s .  S u p p o s e  p r o c e s s i n g  on  o n e  

t a s k ,  t a s k  A ,  t a k e s  9 0 %  of t h e  IS1 t o  c o m p l e t e .  U n l e s s  

P r o c e s s i n g  on t h e  o t h e r  t ask ,  t a s k  B ,  can e i t h e r  p r o c e e d  i n  

p a r a l l e l  w i t h  t a s k  A o r  can  be c o m p l e t e d  a f t e r  t ask  A i n  t h e  

r e m a i n i n g  1 0 %  of t h e  ISI, p e r f o r m a n c e  on t a s k  B s h o u l d  

s u f f e r .  Once a r e s p o n s e  t o  a t a s k  i s  made ,  c a p a c i t y  t h a t  

wzs n r e v i n u s l y  r used f n r  that t ~ s k  c z ~  f r p p d  f e r  the 

r e m a i n i n g  t a s k ,  p r o v i d i n g ,  of c o u r s e  t h a t  t h e  two  t a s k s  a r e  

d r a w i n g  o n  t h e  same c a p a c i t y  s t o r e s .  A f i n d i n g  of n o  

c o r r e l a t i o n  be tween  accuracy  and  l a t e n c y  i n  t h e  two  c h a n n e l s  

w o u l d  s u g g e s t  t h a t  e i t h e r  t h e  t w o  t a s k s  a r e  d r a w i n g  on  

s e p a r a t e  p o o l s  o f  c a p a c i t y  o r  t h a t  t h e  t a s k s  a r e  n o t  

d i f f i c u l t  enough t o  use up t h e  s a p p l y  of c a p a c i t y .  

G i v e n  a g e n e r a i i z e d  l i m i t  on s y s t e m  c a p a c i t y ,  it is 

f u r t h e r  p r e d i c t e d  t h a t  p e r f o r m a n c e  w i t h i n  a c h a n n e l  s h o u l d  

be p o o r e r  on t h o s e  t r i a l s  when a s i g n a l  ( i n  t h i s  ca se ,  a 

c h a n g e )  o c c u r s  i n  t h e  o t h e r  c h a n n e l  t h a n  on n o n - s i g n a l  

t r i a l s  ( w h e r e  t h e  s t i m u l u s  d o e s  n o t  c h a n g e ) .  I t  i s  

h y p o t h e s i z e d  t h a t  t h e  high c o r r e l a t i o n  be tween  s i g n a l s  and 

t h e i r  a s s o c i a t e d  r e s p o n s e s  i s  t h e  r e a s o n  f o r  p o o r e r  

p e r f o r m a n c e  on o p p o s i t e  c h a n n e l  s i g n a l  t r i a l s ,  s i n c e  



r e s p o n s e  p r o c e s s e s  a r e  assumed t o  r e q u i r e  Inore c a p a c i t y  t o  

e x e c u t e .  I t  f o l l o w s  t h e n ,  t h a t  p e r f o r m a n c e  i n  a c h a n n e l  

s h o u l d  b e  w o r s e  on t r i a l s  w h e r e  any  k i n d  of  o v e r t  r e s p o n s e  

( e i t h e r  a h i t  o r  a f a l s e  a l a r m )  o c c u r s  i n  t h e  o t h e r  c h a n n e l  

t h a n  on t r i a l s  w h e r e  no  o v e r t  r e s p o n s e  o c c u r s  i n  t h e  o t h e r  

c h a n n e l .  A s i g n a l  can occur  i n  t h e  o p p o s i t e  c h a n n e l  and n o t  

d i s r u p t  d e t e c t i o n  p e r f o r m a n c e  i n  t h e  c u r r e n t  c h a n n e l ,  a s  

l o n g  as  no r e s p o n s e  i s  execu ted  i n  t h e  o t h e r  channe l .  

T a b l e  1 g i v e s  a s u m m a r y  o f  t h e  d '  c o n t i n g e n c y  

p r e d i c t i o n s  f o r  b o t h  p e r c e p t u a l  a n d  r e s p o n s e - o r i e n t e d  

t h e o r i e s  f o r  t h e  p r e s e n t  e x p e r i m e n t .  T h e  l o g i c  b e h i n d  t h e  

p r e d i c t i o n s  i n  t h e  t a b l e  a r i s e s  f rom t h e  f a c t  t h a t  r e s p o n s e s  

a r e  e x e c u t e d  f o r  h i t  and f a l s e  a l a r m  t r i a l s  b u t  n o t  f o r  

c o r r e c t  r e j e c t i o n  o r  miss t r i a l s .  Note  t h a t  a p e r c e p t u a l l y -  

b a s e d  t h e o r y  w o u l d  p r e d i c t  that d e t e c t i o n  i n  o n e  c h a n n e l  

would be degraded  by t h e  p r e s e n c e  of a s i g n a l  ( o c c u r r i n g  on 

h i t  a n d  m i s s  t r i a l s )  i n  t h e  o p p o s i t e  c h a n n e l ,  s i n c e  

p e r c e p t u a l  p r o c e s s e s  a r e  s u p p o s e d  t o  b e  m o s t  a f f e c t e d  by 

d i v i d e d  a t t e n t i o n .  A r e s p o n s e  c o n f l i c t  t h e o r y  p r e d i c t s  t h a t  

a r e s p o n s e  i n  t h e  o t h e r  c h a n n e l  ( e i t h e r  c o r r e c t  o r  

i n c o r r e c t )  momenta r i ly  d i v e r t s  p r o c e s s i n g  c a p a c i t y  away f rom 

t h e  p r e s e n t  channe l .  This i n t e r p r e t a t i o n  would p r e d i c t  no 

d i f f e r e n c e  b e t w e e n  p e r f o r r r i a n c e  i n  a c h a n n e l  g i v e n  e i t h e r  

t y p e  of r e s p o n s e  e v e n t  i n  t h e  o t h e r  c h a n n e l ,  however.  Those  

t r i a l s  s h o u l d  h a v e  a c o m b i n e d  l o w e r  d '  t h a n  t h a t  on t r i a l s  

w h e r e  t h e r e  i s  a c o r r e c t  r e j e c t i o n  o r  a miss i n  t h e  o t h e r  
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c h a n n e l ,  s i n c e  ~ e s p o ~ i s e  p r o c e s s e s  p r e s u m a b l y  c o n s u m e  m o r e  

c a p a c i t y .  

W h i l e  t h i s  e x p e r i m e n t  w i l l  be  a b l e  t o  i s o l a t e  e a r l y  

s t a g e  f rom l a t e  s t a g e  i n t e r f e r e n c e  it w i l l  n o t  d i s t i n g u i s h  

r e s u l t s  s u p p o r t e d  by  a s t r u c t u r a l  t h e o r y  f r o m  t h o s e  

s u p p o r t e d  by r e s o u r c e  theo ry .  Bo th  t h e o r i e s  a re  c a p a b l e  of 

a t t r i b u t i n g  c a p a c i t y  s h o r t a g e s  t o  d i f f e r e n t  l o c a t i o n s  i n  the 

s y s t e m .  The s t u d y  s h o u l d ,  h c w e v e r ,  p r o v e  s u c c e s s f u l  i n  

d e m o n s t r a t i n g  w h i c h  p a r t s  of  t h e  s y s t e m  s h a r e  a l i m i t e d  

s o u r c e  of c a p a c i t y  a n d  WkJich p a r t s  may draw on s e p a r a t e  

r e s o u r c e s  . 
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METHOD 

S u b j e c t 2  

S i x t e e n  m a l e  u n d e r g r a d u a t e  s t u d e n t s  f r o m  a n  

i n t r o d u c t o r y  p s y c h o l o g y  c o u r s e  p a r t i c i p a t e d  i n  t h e  

e x p e r i m e n t .  Only s u b j e c t s  w i t h  n o r m a l  h e a r i n g  a n d  c o l o r  

v i s i o n  were a l l o w e d  t o  p a r t i c i p a t e .  Each s u b j e c t  r e c e i v e d  

o n e  h o u r  o f  c r e d i t  f o r  h i s  p a r t i c i p a t i o n ,  p a r t i a l l y  

f u l f i l l i n g  a c lass  r e q u i r e m e n t  f o r  r e s e a r c h  i n v o l v e m e n t .  

A p p a r a t u s  

The a u d i t o r y  s t i m u l i  used  i n  t h e  e x p e r i m e n t  c o n s i s t e d  

of h i g h -  a n d  l o w - f r e q u e n c y  t o n e s  o f  3615 H e r t z  a n d  1 4 2 0  

H e r t z  a t  75 dB ( A )  SPL t h a t  w e r e  p r e s e n t e d  t o  t h e  s u b j e c t s  

o v e r  G r a s o n  S t a d l e r  ( m o d e l  TDH39-3002) h e a d p h o n e s .  A Gen 

Rad G R  1565-D Sound Level  M e t e r  was u s e d  t o  m n = c t r r  ~ u ~ u u u ~ e  t h e  

i n t e n s i t y  of t h e  a u d i t o r y  s t i m u l i .  A R e a l i s t i c  model SA-10 

s o l i d  s t a t e  s t e r e o  a m p l i f i e r  was used  t o  a m p l i f y  t h e  t o n e s .  

The v i s u a l  s t i m u l i  c o n s i s t e d  of 1.25 c m  by 2.5 c m  v e r t i c a l  

r e d  a n d  b l u e  r e c t a n g l e s  p r e s e n t e d  on a Sony TKin i tKOn 12-  

i n c h  c o l o r  t e l e v i s i o n  s u b t e n d i n g  2 . 4 1  v e r t i c a l  d e g r e e s  of 

v i s u a l  a n g l e .  The t e l e v i s i o n  was s i t u a t e d  60 c m  i n  f r o n t  of 

t h e  s u b j e c t s .  Due  t o  t h e  i m p r e c i s e  n a t u r e  of t h e  d i s p l a y  
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equ ipmen t  t h e  i n t e n s i t i e s  of t h c  v i s u a l  s t i m u l i  were u n a b l e  

t o  be c o n t r o l l e d  b u t  w e r e  n:c;ac:ired a t  5 .5  f o o t l a m b e r t s  f o r  

t h e  r e d  r e c t a n g l e s  a n d  23.5 L o o t l a m b e r t s  f o r  t h e  b l u e  

r e c t a n g l e s .  The d e v i c e  used t o  c a l i b r a t e  t h e  v i s u a l  s t i m u l i  

was a T e k t r o n i x  J16 d i g i t a l  p h o t o m e t e r  u s i n g  a 56523 1' 

Narrow a n g l e  l u m i n a n c e  probe  at a v i e w i n g  d i s t a n c e  of 6 0  c m .  

An Apple I1 c o m p u t e r  was u s e d  t o  g e n e r a t e  t h e  t o n e s  a n d  

p r o d u c e  t h e  r e c t a n g l e s  on t h e  t e l e v i s i o n  s c r e e n .  B o t h  t h e  

t o n e s  a n d  t h e  r e c t a n g l e s  w e r e  p r e s e n t e d  f o r  a d u r a t i o n  of 

1 0 0  m i l l i s e c o n d s .  

S u b j e c t s  responded by p r e s s i n g  one of two  r e s p o n s e  k e y s  

LVbL4LL-u ' n m = f - a i l  2:: t h e  t a b l e  d i r e c t l y  i n  f rnnt  Qf t hem.  F n r  h a l f  of 

t h e  s u b j e c t s  t h e  t o n e  key  was on t h e  l e f t  and t h e  r e c t a n g l e  

key was on t h e  r i g h t ,  and f o r  t h e  o t h e r  h a l f  of t h e  s u b j e c t s  

t h e  key p l a c e m e n t  was r e v e r s e d .  The s t a t i c  f o r c e  r e q u i r e d  

t o  d e p r e s s  t h e  k e y s  was 6 0  g r a m s .  R e s p o n s e s  were s e n t  t o  t h e  

c o m p u t e r  t h r o u g h  t h e  b i n a r y  i n p u t  p o r t s  of a C y b o r g  m o d e l  

9 1 A  ISAAC computer  i n t e r f a c e  c l o c k  which  measu red  r e s p o n s e  

t imes  t o  t h e  n e a r e s t  m i l i i s e c o n d .  

P r o c e d u r e  

The  s t i m u l i  w e r e  e i t h e r  s i m u l t a n e o u s l y -  ( i n  d o u b l e -  

s t i m u l a t i o n )  o r  s i n g l y - p r e s e n t e d  ( s i n g l e - s t i m u l a t i o n )  

s e q u e n c e s  of d i s c r e t e  p r e s e n t a t i o n s  of a u d i t o r y  and v i s u a l  

s i g n a l s .  F i g u r e  1 shows  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  

a u d i t o r y  and t h e  v i s u a l  sequencer;  i n  t h e  d o u b l e - s t i m u l a t i o n  

c o n d i t i o n s .  W i t h i n  an a u d i t o r y  o r  v i s u a l  c h a n n e l ,  t h e  
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p r o b a b i l i t y  t h a t  a s i g n a l  d i f f e r e d  f rom t h e  p r e v i o u s  one  was 

.5. A t a b l e  of random numbers wzs used  t o  p r e d e t e r m i n e  t h e  

r andom p r e s e n t a t i o n s  of t h e  t w o  l e v e l s  o f  s t i m u l i  i n  e a c h  

m o d a l i t y .  I n  t h e  d o u b l e - s t i m u l a t i o n  b l o c k s ,  t h e  s e q u e n c e s  

h a d  a 1:l r a t i o  of v i s u a l  t o  a u d i t o r y  s i g n a l s ,  w h e r e  e v e r y  

a u d i t o r y  s i g n a l  was p r e s e n t e d  s i m u l t a n e o u s l y  w i t h  a v i s u a l  

s i g n a l .  

The i n d e p e n d e n t  v a r i a b l e s  m a n i p u l a t e d  i n  t h e  e x p e r i m e n t  

were t h e  i n t e r s t i m u l u s  i n t e r v a l  ( I S I )  as  m e a s u r e d  f r o m  

s t i m u l u s  o n s e t  t o  s t i m u l u s  o n s e t ,  a n d  t h e  s p e e d  

i n s t r u c t i o n s  g i v e n  t o  s u b j e c t s .  T h e r e  were t w o  l e v e l s  of  

I S I ,  1 2 0 0  a n d  1600 msec, a n d  t w o  l e v e l s  o f  s p e e d  

i n s t r u c t i o n s ,  r e g u l a r  and f a s t .  A w i t h i n - s u b j e c t s  d e s i g n  

was u s e d ,  w i t h  a l l  of t h e  s u b j e c t s  r e c e i v i n g  b o t h  d o u b l e -  

and s i n g l e - s t i m u l a t i o n  c o n d i t i o n s  and two  l e v e l s  e a c h  of I S 1  

a n d  s p e e d  i n s t r u c t i o n s .  T a b l e  1 g i v e s  t h e  o r d e r  of t h e  

e x p e r i m e n t a l  c o n d i t i o n s  g i v e n  t o  e a c h  s u b j e c t .  The  f o u r  

s i n g l e - s t i m u l a t i o n  b l o c k s  were c o u n t e r b a l a n c e d  a c r o s s  

s u b j e c t s  u s i n g  a b a l a n c e d  L a t i n  s q u a r e  d e s i g n .  D u r i n g  t h e  

speeded  b l o c k s  t h e  s u b j e c t  was i n s t r u c t e d  t o  r e spond  w i t h i n  

a t i m e  l i m i t  t h a t  was e q u a l  t o  8 0 %  of h i s  r e a c t i o n  t i m e  ( t h e  

mean of a u d i t o r y  and v i sua l  RT) f rom t h e  e a r l i e r  b l o c k  w i t h  

the same I S I .  T h e  s u b j e c t  r e p e a t e d  a s p e e d e d  b l o c k  u n t i l  

h e  a c h i e v e d  a mean  R T  o f  l e s s  t h a n  o r  e q u a l  t o  t h e  

d e s i g n a t e d  goa l .  



A s e q u e n c e  c o n s i s t e d  of  5 0  s t i m u l u s  p r e s e n t a t i o n s  

r e s u l t i n g  i n  a t o t a l  s e q u e n c e  d ~ r a t i o n  of  1 m i n u t e  a n d  2 0  

s e c o n d s  f o r  t h e  1600 msec IS1 C o n d i t i o n  and e x a c t l y  1 m i n u t e  

f o r  t h e  1200 msec c o n d i t i o n .  

When t h e  s u b j e c t s  a r r i v e d  a t  t h e  l a b o r a t o r y ,  t h e  

e x p e r i m e n t e r  r e a d  a b r i e f  i n t r o d u c t i o n .  S u b j e c t s  were t o l d  

t h a t  t h e y  w o u l d  f i r s t  r e c e i v e  t r a i n i n g  o n  t a s k s  r e q u i r i n g  

t h e i r  a t t e n t i o n  t o  two t h i n g s  a t  o n c e ,  a n d  t h a t  t h e y  w o u l d  

l a t e r  be t e s t e d  on t h e  t a s k s  t h a t  t h e y  would l e a r n .  

S i n q l e - s t i m u l a t i o n  t r a i n i n q .  T r a i n i n g  was f i r s t  g i v e n  

on t h e  s i n g l e - s t i m u l a t i o n  t a sk .  S u b j e c t s  were i n s t r u c t e d  t o  

a t t e n d  t o  a s e q u e n c e  of t o n e s  o r  r e c t a n g l e s  a n d  t o  r e s p o n d  

by p r e s s i n g  t h e  a p p r o p r i a t e l y - l a b e l l e d  key when t h e y  n o t i c e d  

t h a t  a change  o c c u r r e d  i n  t h e  s t i m u l i  d u r i n g  a sequence .  A 

c h a n g e  was d e f i n e d  a s  any s t i m u l u s  p r e s e n t a t i o n  t h a t  was 

d i f f e r e n t  f r o m  t h e  p r e v i o u s  s t i m u l u s  i n  a p a r t i c u l a r  

s e q u e n c e ;  f o r  example,  if  a r e d  r e c t a n g l e  i s  p r e s e n t e d ,  

f o l l o w e d  by a b l u e  r e c t a n g l e  on t h e  n e x t  p r e s e n t a t i o n ,  t h e  

s u b j e c t  s h o u l d  p re s s  the key  l a b e l l e d  " r e c t a n g l e s " .  If 

a n o t h e r  r e d  r e c t a n g l e  is p r e s e n t e d  a f t e r  t h e  b l u e  r e c t a n g l e ,  

a n o t h e r  " r e c t a n g l e "  r e s p o n s e  i s  r e q u i r e d .  The s u b j e c t s  were 

i n f o r m e d  t h a t  a c h a n g e  may o r  may n o t  o c c u r  e a c h  t ime  t h a t  a 

s t i m u l u s  i s  p r e s e n t e d .  S u b j e c t s  were t o l d  t o  use o n l y  o n e  

h a n d  t o  r e s p o n d ,  a n d  t o  p l a c e  t h e i r  o t h e r  h a n d  i n  a 

c o m f o r t a b l e  p o s i t i o n  somewhere away f rom t h e  unused r e s p o n s e  

k e y .  Two s e q u e n c e s  were  p r e s e n t e d  d u r i n g  s i n g l e -  
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s t i m u l a t i o n  t r a i n i n g - - a  randomly-changing  s e q u e n c e  of t o n e s ,  

and a r andon ly -chang ing  sequence  of r e c t a n g l e s ,  b o t h  w i t h  a 

1 6 0 0  msec ISI. Bo th  sequences  Gsed i n  t r a i n i n g  c o n s i s t e d  of 

50 s t i m u l u s  p r e s e n t a t i o n s .  S u b j e c t s  were i n s t r u c t e d  t o  l e a v e  

t h e i r  h e a d p h o n e s  o n  d u r i n g  b o t h  s i n g l e - s t i m u l a t i o n  

s e q u e n c e s .  

D o u b l e - s t i m u l a t i o n  t r a i n i n g .  N e x t  t h e  s u b j e c t s  were 

t r a i n e d  on two d o u b l e - s t i m u l a t i o n  tasks .  S u b j e c t s  w e r e  t o l d  

t h a t  t h e  s t i m u l i  i n  e i t h e r  m o d a l i t y  may o r  may n o t  change  on 

any g i v e n  p r e s e n t a t i o n ,  and t h a t  a change  may o c c u r  i n  none,  

o n e ,  o r  b o t h  s e q u e n c e s  on any  g i v e n  p r e s e n t a t i o n .  F o r  

example, t h e  c o l o r  of t h e  r e c t a n g l e  may change  f r o m  b l u e  t o  

r e d ,  and ,  i n  a d d i t i o n ,  the t o n e  may change  f rom h i g h  t o  low, 

t h u s  c a l l i n g  f o r  r e s p o n s e s  o n  b o t h  k e y s ,  A n o t h e r  p o s s i b l e  

r e s p o n s e  s i t u a t i o n  i s  o n e  w h e r e  t h e  p i t c h  of t h e  t o n e  

changes ,  b u t  t h e  r e c t a n g l e  is t h e  same c o l o r  as t h a t  on t h e  

p r e v i o u s  p r e s e n t a t i o n .  I n  t h i s  c a s e ,  o n l y  a r e s p o n s e  on t h e  

t o n e  key is  r e q u i r e d .  T h e  s u b j e c t s  were i n s t r u c t e d  t h a t  

r e c o g n i z i n g  c h a n g e s  i n  t h e  t o n e  s e q u e n c e  i s  e q u a l l y  a s  

i m p o r t a n t  a s  r e c o g n i z i n g  c h a n g e s  i n  t h e  s e q u e n c e  o f  

r e c t a n g l e s .  I n  b o t h  t r a i n i n g  b l o c k s  t h e  s u b j e c t s  were 

i n f o r m e d  t h a t  on ly  responses o c c u r r i n g  b e f o r e  t h e  o n s e t  of 

t h e  n e x t  s t i m u l u s  a f t e r  a c h a n g e  h a d  o c c u r r e d  w o u l d  b e  

c o u n t e d  a s  c o r r e c t .  T h e  r e s p o n s e  i n t e r v a l  f o l l o w i n g  a 

s t i m u l u s  change  was 1600 msec. S u b j e c t s  were a l s o  t o l d  t h a t  

f o l l o w i n g  a s e q u e n c e  of s t i m u l u s  p r e s e n t a t i o n s  t h e i r  mean 
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r e a c t i o n  t i m e s  t o  t h e  t o n e s  a n d  t h e  r e c t a n g l e s  w o u l d  be 

d i s p l a y e d  ( i n  m i l l i s e c o n d s )  on thc  s c r e e n  i n  f r o n t  of them. 

T_eS_tL_ng. Upon c o m p l e t i o n  of  t r a i n i n g  i n  t h e  r e a c t i o n  

t i m e  t a s k s ,  t h e  t e s t i n g  s e s s i o n  b e g a n .  S u b j e c t s  were 

p r e s e n t e d  w i t h  a d o u b l e - s t i m u l a t i o n  s e q u e n c e  f o r  which  t h e  

t a s k  was t h e  same as i n  t h e  t r a i n i n g  s e s s i o n - - s u b j e c t s  w e r e  

t o  a t t e n d  t o  b o t h  t h e  t o n e  s e q u e n c e  a n d  t h e  r e c t a n g l e  

s e q u e n c e  a n d  p re s s  t h e  a p p r o p r i a t e  r e s p o n s e  key  when t h e y  

d e t e c t e d  a c h a n g e  i n  any s t i m u l u s .  S u b j e c t s  were t h e n  

p r e s e n t e d  t w o  s i n g l e - s t i m u l a t i o n  s e q u e n c e s ,  f o l l o w e d  by 

a n o t h e r  d o u b l e - s t i m u l a t i o n  sequence ,  a l l  of w h i c h  had a 1600 

msec I S I .  T h i s  p r o c e d u r e  was t h e n  r e p e a t e d  except  w i t h  a 

1 2 0 0  msec ISI .  The l a s t  h a l f  of t h e  e x p e r i m e n t  c o n s i s t e d  of 

f o u r  d o u b l e - s t i m u l a t i o n  b l o c k s ,  t w o  a t  e a c h  I S I ,  a l l  

i m p o s i n g  a r e s p o n s e  c r i t e r i o n  of 80% of t h e  e a r l i e r  d o u b l e -  

s t i m u l a t i o n  b l o c k ' s  mean RT € o r  t h e  same ISI .  

I 
I 
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RESULTS AND I j ISCUSSION 

O v e r a l l  p e r f o r m a n c e  

O v e r a l l  e r r o r s .  E r r o r s  were s e p a r a t e d  i n t o  f a l s e  

a la rms  ( c o m i s s i o n  e r r o r s )  and  misses ( o m i s s i o n  e r r o r s ) ,  and 

a n a l y z e d  s e p a r a t e l y  f o r  t h e  a u d i t o r y  and v i s u a l  d a t a .  T a b l e  

A 1  ( see  A p p e n d i x )  g i v e s  t h e  a u d i t o r y  a n d  v i s u a l  o v e r a l l  

error data, T h e r e  w a s  no r i f f e c t  of Is1 n y  o f  s p p p d  

i n s t r u c t i o n s  on t h e  p e r c e n t a r j e  of  f a l s e  a l a r m  e r r o r s  i n  

e i t h e r  m o d a l i t y .  

For bo th  t h e  a u d i t o r y  and the v i s u a l  c h a n n e l s  t h e  1 2 0 0  

msec IS1 c o n d i t i o n  had  a h i g h e r  number  of misses  t h a n  t h e  

1 6 0 0  msec c o n d i t i o n ,  F ( 1 , 1 5 )  = 10.56,  p = .005 ( a u d i t o r y ) ,  

F ( 1 , 1 5 )  = 8.63, p < . 0 1  ( v i s u a l ) .  

O v e r a l l  d'. d' sco res  were c a l c u i a t e d  separately f r o m  

t h e  h i t  a n d  f a l s e  a l a r m  d a t a  f o r  e a c h  s u b j e c t  i n  e a c h  

c o n d i t i o n .  d '  s c o r e s  f o r  t h e  t o n e s  i n  t h e  1 2 0 0  a n d  1 6 0 0  

msec IS1 c o n d i t i o n s  w e r e  2.51 a n d  2.81, F ( 1 , 1 5 )  = 9.3, p < 

.01. The v i s u a l  m e a n s  were 2.69 a n d  3.02 i n  t h e  s h o r t  and  

l o n g  IS1 c o n d i t i o n s ,  F ( 1 , 1 5 )  = 9.3,  p < .01. N o  e f f e c t  of  

s p e e d  i n s t r u c t i o n s ,  F ( 1 , 1 5 )  = .03, p > .05 was o b s e r v e d  on 

d' scores .  U n l e s s  o t h e r w i s e  n o t e d ,  a l l  d a t a  p r e s e n t e d  w e r e  
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a v e r a g e d  o v e r  t h e  f i r s t  and  st-c:ond b l o c k s  of  a p a r t i c u l a r  

c o n d i t i o n .  

O v e r a l l  - r e a c t i o n  time. F i g u r e  2 p r e s e n t s  mean 

r e a c t i o n  t i m e  a s  a f u n c t i o n  of  1s1 a n d  s p e e d  i n s t r u c t i o n s  

f o r  t h e  a u d i t o r y  and  v i s u a l  d a t a .  U n l e s s  s p e c i f i c a l l y  

s t a t e d  o t h e r w i s e ,  a l l  r e a c t i o n  t i m e  a n a l y s e s  were  based  on 

c o r r e c t  r e s p o n s e s  o n l y .  R e a c t i o n  t i m e s  i n  t h e  s h o r t  IS1 

c o n d i t i o n  were s i g n i f i c a n t l y  f a s t e r  t h a n  t h o s e  i n  t h e  l o n g  

IS1 c o n d i t i o n ,  F ( l , 1 5 )  = 5 4 . 5 5 ,  p < . 0 0 1 ,  a n d  r e a c t i o n  

times i n  t h e  f a s t  s p e e d  i n s t r u c t i o n s  c o n d i t i o n  were s h o r t e r  

t h a n  i n  t h e  r e g u l a r  speed i n s t r u c t i o n s  c o n d i t i o n ,  F(1 ,15)  = 

243.85,  p < .001. O v e r a l l ,  r e a c t i o n  t i m e s  t o  t h e  v i s u a l  

s t i m u l i  w e r e  f a s t e r  t h a n  t h o s e  t o  t h e  a u d i t o r y  s t i m u l i ,  

F ( 1 , 1 5 )  = 2 .56 ,  p < .001. T h e r e  was a l s o  a n  i n t e r a c t i o n  

b e t w e e n  IS1 a n d  t y p e  of s t i m u l u s ,  F ( 1 , 1 5 )  = 8.49, p = .01, 

a n d  b e t w e e n  s p e e d  i n s t r u c t i o n s  a n d  block, F ( 1 , 1 5 )  = 4 .26 ,  p 

= - 0 5 .  

S i n CY 1 e - S t i m u 1 a t  i on R e  s u 1 t s . S epa r a t  e a n  a ly s e s w e r e 

done  on t h e  a u d i t o r y  and v i s u a l  d ' ,  b e t a ,  and r e a c t i o n  t imes 

from t h e  s i n g l e - s t i m u l a t i o n  b l o c k s .  None of t h e  s i x  s i n g l e -  

s t i m u l a t i o n  a n a l y s e s  a p p r o a c h e d  s i g n i f i c a n c e .  S i n g l e -  

s t i m u l a t i o n  p e r f o r m a n c e  was  a l s o  c o m p a r e d  t o  d o u b l e -  

s t i m u l a t i o n  p e r f o r m a n c e ,  w i t h  a u d i t o r y  and  v i s u a l  d' s c o r e s  

a s  a f u n c t i o n  o f  t h e  l e v e l  o f  s t i m u l a t i o n  g i v e n  i n  F i g u r e s  

3 a n d  4.  
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I Q T h e  l o w e s t  d '  s c o r e s  w e r e  i n  t h e  f a s t  s p e e d  

i n s t r u c t i o n s  c o n d i t i o n s  w i t h  j i i a h e r  s c o r e s  i n  t h e  r e g u l a r  

s p e e d  i n s t r u c t  i o n s  and  s i  rig 1 e -  s t i m u  1 a t  i o n  

r e s p e c t i v e l y ,  f o r  b o t h  t h e  a u d i t o r y ,  F ( 2 , 3 0 )  = 31.35,  p < 

. 0 0 1  a n d  t h e  v i s u a l  c h a n n e l s ,  F ( 2 , 3 0 )  = 9.48 ,  p < .001.  

t - t e s t s  p e r f o r m e d  on t h e  a u d i t o r y  d '  m e a n s  r e v e a l e d  t h a t  

t h e  d i f f e r e n c e  b e t w e e n  r e g u l a r - -  a n d  f a s t  p a c e d  d o u b l e -  

s t i m u l a t i o n  was n o t  s i g n i f i c a n t ,  t ( 3 0 )  = . 6 6 ,  p > .05. d '  

i n  t h e  1 6 0 0  msec IS1 c o n d i t i o n  was h i g h e r  o v e r a l l  t h a n  t h a t  

i n  t h e  1 2 0 0  msec I S 1  c o n d i t i o n  f o r  t h e  v i s u a l  c h a n n e l ,  

F ( l , 1 5 )  = 9.67 ,  p < .01. T h e L e  was a l s o  a s i g n i f i c a n t  

c o n d  i t i o n  s 

6iffeceiice between tiis 1662 aiid ilie -i2c(j ii*see 131 6' 

i n  t h e  s i n g l e - s t i m u l a t i o n  c o n d i t i o n  f o r  t h e  v i s u a l  c h a n n e l ,  

t ( 3 0 )  = 2.42, p < .05,. 

The b e t a  s c o r e s  w e r e  a l s o  a n a l y z e d  as  j u s t  d e s c r i b e d .  

T a b l e  A 2  ( see  A p p e n d i x )  g i v e s  a u d i t o r y  a n d  v i s u a l  b e t a  

s c o r e s  as a f u n c t i o n  of t h e  l e v e l  of s t i m u l a t i o n .  

F i g u r e s  5 a n d  6 g i v e  a u d i t o r y  a n d  v i s u a l  r e a c t i o n  

t i m e s  f o r  t h e  3 l e v e l s  o f  s t i m u l a t i o n  a n d  t h e  2 l e v e l s  o f  

I S I .  A u d i t o r y  r e a c t i o n  t i m e  ( F i g u r e  5 )  was f a s t e s t  i n  t h e  

s i n g l e - s t i m u l a t i o n  c o n d i t i o n ,  f o l l o w e d  by t h e  f a s t  s p e e d  

i n s t r u c t i o n s  a n d  t h e n  t h e  r e g u l a r  s p e e d  i n s t r u c t i o n s  

c o n d i t i o n s ,  r e s p e c t i v e l y ,  r ;1(2,30)  = 1 2 0 . 1 3 ,  p < . 0 0 1 .  

r e a c t i o n  t imes  i n  t h e  1 2 0 0  msec I S 1  were s i g n i f i c a n t l y  

f a s t e r  t h a n  t h o s e  i n  t h e  1 6 0 0  msec I S 1  c o n d i t i o n ,  E ' ( l , l 5 )  = 

2 4 . 0 7 ,  p < .001 ,  w i t h  t - t e s t s  ~ e v e a l i n g  t h e  s o u r c e  of  t h e  
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m a i n  e f f e c t  i n  t h e  I S 1  d i f f e r e n c e s  i n  t h e  t w o  d o u b l e -  

S t i m u l a t i o n  c o n d i t i o n s .  1 2 0 0  riisec r e a c t i o n  t imes were 

f a s t e r  t h a n  1 6 0 0  msec r e a c t i o r ,  t i m e s  i n  t h e  r e g u l a r -  , 
t ( 3 0 )  = 6.05f p < .001, a n d  f a s t - p a c e d ,  t ( 3 0 )  = 3.82, p < 

.001 d o u b l e - s t i m u l a t i o n  c o n d i t i o n s ,  b u t  n o t  i n  t h e  s i n g l e -  

s t i m u l a t i o n  c o n d i t i o n ,  t ( 3 0 )  = 1.17, p > .05. T h e r e  was a 

s i g n i f i c a n t  i n t e r a c t i o n  b e t w e e n  l e v e l  o f  s t i m u l a t i o n  a n d  

I S I ,  F ( 2 , 3 0 )  = 5 . 7 g f  p < .01. T h e  d i f f e r e n c e s  b e t w e e n  1 6 0 0  

msec r e g u l a r -  a n d  f a s t - p a c e d  d o u b l e - s t i m u l a t i o n ,  t ( 3 0 )  = 

8.93, p < .001  and between t h e  1 2 0 0  msec d o u b l e - s t i m u l a t i o n  

c o n d i t i o n s ,  t ( 3 0 )  = 6.69, p < . 0 0 1 ,  w e r e  s i g n i f i c a n t .  

The l e v e l  of s t i m u l a t i o n  a f f e c t e d  v i s u a l  r eac t ion  t imes  

i n  a p a t t e r n  s i m i l a r  t o  t h e  a u d i t o r y  r e a c t i o n  t imes  ( see  

F i g u r e  6 ) ,  F ( 2 , 3 0 )  = 53.58, p < .001, a s  d i d  I S I ,  F ( 1 , 1 5 )  = 

1 5 , 3 3 ,  p = .001. I n  a d d i t i o n ,  t h e s e  t w o  f a c t o r s  i n t e r a c t e d  

s i g n i f i c a n t l y  f o r  t h e  v i s u a l  d a t a  F(2,30) = 7.22, p < -005 .  

T h e  r e g u l a r  s p e e d  i n s t r u c t i o n  c o n d i t i o n  p r o d u c e d  

s i g n i f i c a n t l y  l o n g e r  r e a c t i o n  t imes t h a n  t h e  f a s t  s p e e d  

i n s t r u c t i o n  c o n d i t i o n  when t h e  I S 1  was 1 2 0 0  msec t ( 3 0 )  = 

7.93,  p < .001. The  t w o  l e v e l s  of IS1 were n o t  d i f f e r e n t ,  

t ( 3 0 )  = . 4 4 ,  p > . 05 ,  f rom e a c h  o t h e r  i n  t h e  s i n g l e -  

s t i m u l a t i o n  c o n d i t i o n ,  bu t  r e a c t i o n  times i n  t h e  1200 msec 

IS1 c o n d i t i o n  were  f a s t e r  t h a n  i n  the  1600 msec IS1 c o n d i t o n  

i n  b o t h  t h e  r e g u l a r  and f a s t  speed  i n s t r u c t i o n s  c o n d i t i o n s ,  

t ( 3 0 )  = 4.63, p < .001, t ( 3 0 )  = 3.53, p < . O l ,  r e s p e c t i v e l y .  
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Cross -channe l  r e s u l t s  

The  m o s t  i m p o r t a n t  r e s i l i t s  f r o m  t h e  e x p e r i m e n t  a r e  

t h o s e  t h a t  i l l u m i n a t e  how p e r f o r m a n c e  is t r a d e d  o f f  be tween  

t h e  two t a sks  as t h e  demands of e a c h  t a s k  change  f rom t r i a l  

t o  t r i a l .  A n a l y s e s  s u c h  a s  t h e s e  a r e  c r u c i a l  i n  t h a t  t h e y  

r e v e a l  momentary f l u c t u a t i o n s  i n  p e r f o r m a n c e  a s s o c i a t e d  w i t h  

s p e c i f i c  l i m i t a t i o n s  i n  t I !c  s y s t e m .  C o n t r a r y  t o  

c o n v e n t i o n a l  d a t a  a n a l y s i s  t e c h n i q u e s  t h a t  c o l l a p s e  d a t a  

across t r i a l s  and compare d i f f e r e n t  c o n d i t i o n s ,  c o n t i n g e n t  

a n a l y s e s  a l l o w  u s  t o  e x a m i n e  t h e  m i c r o  s t r u c t u r e  of  

a t t e n t i o n  by c o m p a r i n g  t r i a l s  of o n e  t y p e  t o  t r i a l s  of a 

d i f f e r e n t  type .  The d o u b l e - s t i m u l a t i o n  d a t a  were a n a l y z e d  

f o r  a number of c o n t i n g e n t  p r o b a b i l i t i e s ,  t h e  f i r s t  of wh ich  

i s  p e r f o r m a n c e  i n  a channe l  d e p e n d e n t  on t h e  l a t e n c y  of t h e  

r e s p o n s e  i n  t h e  o t h e r  channel .  

L a t e n c y  of r e s p o n s e .  d ' ,  b e t a ,  a n d  RT s c o r e s  f o r  t h e  

a u d i t o r y  and v i s u a l  d o u b l e - s t i m u l a t i o n  d a t a  were a n a l y z e d  by 

t h e  m a g n i t u d e  of t h e  r e a c t i o n  t i m e  o c c u r r i n g  i n  t h e  o t h e r  

c h a n n e l  ( g i v e n  t h a t  a c o r r e c t  r e s p o n s e  was made i n  t h e  o t h e r  

c h a n n e l ) .  P e r f o r m a n c e  on t r i a l s  h a v i n g  g r e a t e r  t h a n  t h e  

b lock  m e d i a n  r e a c t i o n  t ime  i n  t h e  o t h e r  c h a n n e l  was 

compared t o  p e r f o r m a n c e  when t h e  RT i n  t h e  o t h e r  c h a n n e l  was 

less  t h a n  t h e  b l o c k  median. F i g u r e  7 g i v e s  a u d i t o r y  d'  as 

a f u n c t i o n  o f  RT t y p e  i n  t h e  v i s u a l  c h a n n e l .  C o n s i s t e n t  

w i t h  p r e l i m i n a r y  a s s u m p t i o n s  of a g e n e r a l i z e d  l i m i t  on  

c a p a c i t y ,  d '  was h i g h e r  on t r i a l s  w h e r e  t h e r e  was a f a s t  
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v i s u a l  r e s p o n s e ,  F(1,15) 5 5 . 2 2 ,  p < .05.  T h e r e  w e r e  no  

s i g n i f i c a n t  e f f e c t s  of  ISI, F ( 1 , 1 5 )  = 1 . 9 ,  p > .05, o r  s p e e d  

i n s t r u c t i o n s ,  F ( 1 , 1 5 )  = .93, p > .05  on a u d i t o r y  d '  s c o r e s .  

F i g u r e  8 s h o w s  v i s u a l  d g  by a u d i t o r y  t r i a l  t y p e  ( >  

m e d i a n  RT, < m e d i a n  RT)  f o r  the  2 l e v e l s  of  IS I .  The  

l a t e n c y  of t h e  a u d i t o r y  r e s p o n s e  had no e f f e c t  on t h e  v i s u a l  

d '  s c o r e s ,  F ( 1 , 1 5 )  = . 24 ,  p > . O S .  d' was,  h o w e v e r ,  h i g h e r  

i n  t h e  1 6 0 0  msec IS1 c o n d i t i o n ,  F ( 1 , 1 5 )  = 7.11, p < .05, 

and t h e r e  was an i n t e r a c t i o n  be tween  I S I ,  RT t y p e  and b l o c k ,  

F ( 1 , 1 5 )  = 5 . 4 5 ,  p < .05. A u d i t o r y  a n d  v i s u a l  b e t a  s c o r e s  

c a n  be  found  i n  t h e  Appendix ( T a b l e  A 3 ) .  

The a u d i t o r y  and v i s u a l  r e a c t i o n  t imes  were a l s o  

a n a l y z e d  d e p e n d e n t  on t h e  s i z e  of t h e  o p p o s i t e  c h a n n e l  

r e a c t i o n  time. When a v e r a g e d  o v e r  b l o c k s  1 a n d  2 o f  a l l  

of t h e  d o u b l e - s t i m u l a t i o n  c o n d i t i o n s ,  r e a c t i o n  t i m e  g i v e n  a 

g r e a t e r - t h a n - m e d i a n  r e s p o n s e  i n  t h e  o t h e r  c h a n n e l  was 

g r e a t e r  ( i n d i c a t i n g  poorer  p e r f o r m a n c e )  t h a n  r e a c t i o n  t ime 

g i v e n  a l e s s - t h a n - m e d i a n  r e s p o n s e  i n  t h e  o p p o s i t e  channe l .  

For  t h e  a u d i t o r y  c h a n n e l ,  r e a c t i o n  t i m e  g i v e n  a l o n g  v i s u a l  

r e s p o n s e  was 450 w h i l e  r e a c t i o n  t i m e  g i v e n  a s h o r t  v i s u a l  

r e s p o n s e  was 308 ,  F(1,15) = 3 4 . 2 3 ,  p < .001 .  F o r  t h e  v i s u a l  

c h a n n e l ,  r e a c t i o n  t i m e  g iven  a l o n g  a u d i t o r y  r e s p o n s e  was 

441 and w i t h  a s h o r t  a u d i t o r y  r e s p o n s e  it was 270,  F ( l , 1 5 )  = 

71.59,  p < .001. I n  a d d i t i o n ,  b l o c k  2 r e a c t i o n  t imes  w e r e  

f a s t e r  t h a n  b l o c k  1 ( 3 4 2  v s  3 6 8 ,  F [ l r 1 5 1  = 8.25, p = ,011. 

T h e s e  d a t a  c o m p l e m e n t  t h e  r e s u l t s  o f  t h e  d '  a n a l y s e s  
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d e s c r i b e d  i n  t h e  p r e v i o u s  p a r a g r a p h  w h e r e  p e r f o r m a n c e  was 

i m p a i r e d  g i v e n  a l o n g  r e s p o n s e  i n  t h e  o t h e r  c h a n n e l .  The  

a u d i t o r y  a n d  v i s u a l  t asks  a p p e a r  t o  b e  r e l i a n t  on t h e  same 

s o u r c e  of  c a p a c i t y ,  a l t h o u g h  t h i s  a n a l y s i s  a l o n e  d o e s  n o t  

i n d i c a t e  w h e t h e r  a l l  o r  j u s t  some s o u r c e s  of c a p a c i t y  a r e  

s h a r e d  by b o t h  t a s k s .  E x c e s s i v e  c a p a c i t y  d e m a n d s  by o n e  

p r o c e s s  i n  t h e  s y s t e m  cou ld  p o s s i b l y  p roduce  r e s u l t s  of t h i s  

t Y  Pe  

C h a n q e  v e r s u s  n o  c h a n s e .  T h e  d '  d a t a  were a l s o  

a n a l y z e d  d e p e n d e n t  o n  a c o n c u r r e n t  c h a n g e  v e r s u s  n o  

c o n c u r r e n t  c h a n g e  i n  t h e  o p p o s i t e  c h a n n e l .  N o t e  t h a t  a 

" c h a n g e "  t r i a l  i s  a t r i a l  w h e r e  t h e r e  was a )  a p e r c e p t u a l  

s i g n a l ,  b )  a n  i n t e r n a l  t r a n s l a t i o n  s i g n a l  l i n k e d  t o  a 

r e s p o n s e ,  a n d  c )  p o s s i b l y  a r e s p o n s e .  F i g u r e  9 s h o w s  mean 

d' i n  t h e  a u d i t o r y  c h a n n e l  a s  a f u n c t i o n  o f  t h e  t r i a l  t y p e  

i n  t h e  v i s u a l  channe l .  C o n s i s t e n t  w i t h  e a r l i e r  p r e d i c t i o n s ,  

(7' was h i g h e r  i n  t h e  1 6 0 0  msec IS1 c o n d i t i o n  t h a n  i n  t h e  

1 2 0 0  msec IS1 c o n d i t i o n ,  F ( 1 , 1 5 )  = 7.81, p = .01, a n d  h i g h e r  

o n  t r i a l s  w h e r e  t h e r e  was no c h a n g e  i n  t h e  v i s u a l  c h a n n e l ,  

F ( 1 , 1 5 )  = 34.31, p < .001. 
F i g u r e  1 0  g i v e s  t h e  r e s u l t s  f r o m  t h e  same a n a l y s i s  on  

t h e  v i s u a l  d a t a .  A n a l y s i s  of v a r i a n c e  r e v e a l e d  t h e  same IS1 

t r e n d  f o r  t h e  v i s u a l  d a t a  as  was found i n  t h e  a u d i t o r y  d a t a ,  

F ( 1 , 1 5 )  = 4.74, p < .05, b u t  s u r p r i s i n g l y ,  no  d i f f e r e n c e  i n  

d' s c o r e s  b e t w e e n  t h e  two a u d i t o r y  t r i a l  t y p e s ,  F ( 1 , 1 5 )  = 

.56, p > .05. 
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A u d i t o r y  a n d  v i s u a l  r e a c t i o n  t i m e s  as  a f u n c t i o n  of 

t r i a l  t y p e  i n  t h e  o p p o s i t e  c h a n n e l  may be f o u n d  i n  t h e  

Appendix ( T a b l e  A 4 ) .  

R e s p o n s e  v e r s u s  no r e s p o n s e .  The  n e x t  a n a l y s i s  

compared  a u d i t o r y  and v i s u a l  d' on t r i a l s  where  t h e  s u b j e c t  

made a r e s p o n s e  i n  t h e  o t h e r  c h a n n e l  t o  d '  on t r i a l s  w h e r e  

t h e  s u b j e c t  made no r e s p o n s e  t o  t h e  o t h e r  c h a n n e l .  F i g u r e  

11 p r e s e n t s  a u d i t o r y  d '  a s  a f u n c t i o n  o f  t r i a l  t y p e  

( r e s p o n s e ,  no  r e s p o n s e )  i n  t h e  v i s u a l  c h a n n e l .  I t  c a n  be 

s e e n  t h a t  d' on  t r i a l s  w i t h  no  v i s u a l  r e s p o n s e  was h i g h e r  

t h a n  d' on  t r i a l s  w h e r e  a v i s u a l  r e s p o n s e  was made ,  F ( 1 , l S )  
AI- - - 6 . 6 6 ,  p < .u3. Iii o t h e r  w u r d s ,  a n y  k i n d  of r e s p o n s e  

( c o r r e c t  or i n c o r r e c t )  t o  t h e  v i s u a l  c h a n n e l  was d i s r u p t i v e  

o f  p r o c e s s i n g  i n  t h e  a u d i t o r y  c h a n n e l .  d1 was a l s o  h i g h e r  

i n  t h e  1 6 0 0  msec IS1 c o n d i t i o n  t h a n  i n  t h e  1 2 0 0  msec 

c o n d i t i o n ,  F(1,15) = 5 . 0 7 ,  p < .05. A s i g n i f i c a n t  

i n t e r a c t i o n  be tween  speed i n s t r u c t i o n s  and block was found ,  

F(1,15) = 4.79, p < .05. 

F i g u r e  1 2  g i v e s  v i s u a l  d '  a s  a f u n c t i o n  of t h e  t r i a l  

t y p e  ( r e s p o n s e ,  no  r e s p o n s e )  i n  t h e  a u d i t o r y  c h a n n e l .  

P e r f o r m a n c e  i n  t h e  v i s u a l  c h a n n e l  d i d  n o t  v a r y  w i t h  a u d i t o r y  

t r i a l  t y p e ,  F ( 1 , 1 5 )  = .09, p > .OS. As was r e p o r t e d  i n  

Casper & K a n t o w i t z  (19851, p r o c e s s i n g  of v i s u a l  i n f o r m a t i o n  

a p p e a r s  t o  h a v e  b e e n  p r o t e c t e d  t o  t h e  e x t e n t  t h a t  

p e r f o r m a n c e  on  t h e  a u d i t o r y  t a s k  s u f f e r e d .  V i s u a l  d' was 

a l s o  h i g h e r  i n  t h e  1 6 0 0  msec IS1 c o n d i t i o n ,  r e g a r d l e s s  of 
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t h e  t y p e  o f  s p e e d  i n s t r u c t i o n s  g i v e n ,  F ( l , 1 5 )  = 6.11 ,  p < 

.05.  T h e r e  was a 3-way i n t e r a c t i o n  b e t w e e n  I S I ,  a u d i t o r y  

t r i a l  t y p e ,  a n d  b l o c k ,  F ( 1 , 1 5 )  = 4.36, p = .05. A u d i t o r y  

a n d  v i s u a l  b e t a  a s  a f u n c t i o n  of t r i a l  t y p e  ( r e s p o n s e ,  n o  

r e s p o n s e )  may be found i n  t h e  Appendix,  i n  T a b l e  A5. 

T a b l e  3 p r e s e n t s  t h e  RT m e a n s  f o r  b o t h  t h e  a u d i t o r y  a n d  

t h e  v i s u a l  c h a n n e l s  a s  a f u n c t i o n  o f  I S I ,  s p e e d  

i n s t r u c t i o n s ,  block, and t r i a l  t y p e  ( r e s p o n s e ,  no r e s p o n s e )  

i n  t h e  o t h e r  c h a n n e l .  T o  h e l p  t h e  r e a d e r ,  t h e  m e a n s  

a v e r a g e d  a c r o s s  c o n d i t i o n s  a r e  p r e s e n t e d  i n  t h e  t e x t .  F o r  

t h e  a u d i t o r y  c h a n n e l  t h e  s h o r t  a n d  l o n g  IS1 mean RTs were 

3 3 3  aiiii 4.~0 msec, ~ { i , i j j  = 6 5 . 1 4 ,  p < .uui, r e s p e c t i v e l y .  

The r e g u l a r  s p e e d  emphasis c o n d i t i o n  mean was 451 w h i l e  t h e  

f a s t  s p e e d  emphasis c o n d i t i o n  mean was 309, F(1,15)  = 343.8# 

p < .001. B l o c k  1 mean r e a c t i o n  t ime was 389 and b l o c k  2 RT 

was 3 7 1 ,  F ( l , 1 5 )  = 5.21, p < .05. N o  e f f e c t  o f  v i s u a l  

t r i a l  t y p e ,  F ( 1 , 1 5 )  = .004, p > .05, was o b s e r v e d  f o r  t h e  

a u d i t o r y  r e a c t i o n  t i m e  d a t a .  Two-way i n t e r a c t i o n s  were 

f o u n d  b e t w e e n  IS1 a n d  s p e e d  i n s t r u c t i o n s ,  F ( l , 1 5 )  = 6.74,  p 

< .05, s p e e d  i n s t r u c t i o n s  a n d  v i s u a l  t r i a l  t y p e ,  F(1,15) = 

9.31, p < .01, a n d  b e t w e e n  s p e e d  i n s t r u c t i o n s  a n d  b l o c k ,  

F ( 1 , 1 5 )  = 5.9, p < .05.  There  was a l s o  a s i g n i f i c a n t  t h r e e -  

way i n t e r a c t i o n  b e t w e e n  ISI, s p e e d  i n s t r u c t i o n s ,  v i s u a l  

t r i a l  t y p e ,  a n d  b l o c k ,  F ( 1 , 1 5 )  = 6.39, p < .05. 

l C I C  

V i s u a l  mean RTs in t h e  s h o r t  a n d  l o n g  IS1 c o n d i t i o n s  

were  3 2 6  a n d  3 8 8  msec, F ( 1 , 1 5 )  = 4 3 . 1 5 ,  p < .001, 
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r e s p e c t i v e l y ,  w h i l e  R T s  i n  t h e  r e g u l a r  and  f a s t  s p e e d  

i n s t r u c t i o n s  c o n d i t i o n s  w e r e  4 1 6  a n d  297  msec, F ( 1 , 1 5 )  = 

127.59 ,  p < . 0 0 1 .  The  b l o c k  1 mean RT was 3 6 7  a n d  b l o c k  2 

m e a n  r e a c t i o n  t i m e  was 3 4 7 ,  F ( 1 , 1 5 )  = 4.32, p = .05. No 

e f f e c t  of a u d i t o r y  t r i a l  t y p e  was  f o u n d  f o r  t h e  v i s u a l  

r e a c t i o n  t i m e  d a t a ,  F ( l , 1 5 )  = . 0 2 ,  p > .05 .  M a k i n g  a 

r e s p o n s e  t o  one  of t h e  c h a n n e l s  ( r e g a r d l e s s  of cor rec tness)  

d i d  n o t  a f f e c t  how l o n g  i t  t o o k  s u b j e c t s  t o  r e s p o n d  t o  t h e  

o t h e r  channe l .  

H i t ,  f a l s e  a larm,  c o r r e c t  r e j e c t i o n ,  m i s s .  N e x t ,  t h e  

a u d i t o r y  a n d  v i s u a l  d ' ,  b e t a ,  a n d  RT s c o r e s  were a n a l y z e d  

a c c o r d i n g  t o  t h e  t y p e  of r e s p o n s e  o c c u r r i n g  i n  t h e  o p p o s i t e  

c h a n n e l  -- h i t s  v e r s u s  f a l s e  a l a r m s ,  and cor rec t  r e j e c t i o n s  

v e r s u s  misses .  The  r e a d e r  i s  e n c o u r a g e d  t o  r e f e r  b a c k  t o  

T a b l e  1 i n  t h e  i n t r o d u c t i o n  w h i c h  l i s t s  t h e  s p e c i f i c  

p r e d i c t i o n s  r e g a r d i n g  t h e s e  c o n t i n g e n t  a n a l y s e s  f o r  t h e  two  

o p p o s i n g  c lasses  of t h e o r i e s .  F i g u r e  13 shows a u d i t o r y  d' 

as a f u n c t i o n  of t r i a l  t y p e  i n  t h e  v i s u a l  channe l .  The d a t a  

f o r  t h e s e  a n a l y s e s  were t a k e n  f r o m  t h e  s e c o n d  b l o c k  of 

t e s t i n g  i n  e a c h  e x p e r i m e n t a l  c o n d i t i o n .  I n  t h e  1 6 0 0  msec 

IS1 s p e e d e d - i n s t r u c t i o n s  c o n d i t i o n  t w o  s u b j e c t s  o u t  o f  

s i x t e e n  d i d  n o t  make any  e r r o r s  i n  o n e  o f  t h e  c h a n n e l s ,  s o  

t h e  m e a n s  f o r  t h o s e  t w o  s u b j e c t s  i n  t h e  d '  g i v e n  a miss a n d  

t h e  d '  g i v e n  a f a l s e  a l a r m  c e l l s  ( t h e  e r r o r  c e l l s )  were s e t  

e q u a l  t o  t h e  mean of  t h o s e  s u b j e c t s '  d '  g i v e n  a c o r r e c t  
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I a, 

r e j e c t i o n  and  d '  g i v e n  a h i t  c e l l s  ( t h e  c o r r e c t  r e s p o n s e  

c e l l s ) .  

A s  i s  commonly f o u n d  i n  t w o - c h a n n e l  s i g n a l  d e t e c t i o n  

s t u d i e s  ( E i j k m a n  & V e n d r i k ,  1 9 6 5 ;  Moray e t  a l . ,  1 9 7 6 ;  O s t r y  

e t  a l . ,  1976; S o r k i n  & P o h l m a n n ,  1973), t h e r e  w a s  n o  

d i f f e r e n c e  b e t w e e n  a u d i t o r y  d '  g i v e n  a v i s u a l  h i t  a n d  

a u d i t o r y  d '  g i v e n  a v i s u a l  f a l s e  a l a r m ,  F(1,15) = .60, p > 

.OS. C o n t r a r y  t o  e a r l i e r  p r e d i c t i o n s ,  a u d i t o r y  d'  g i v e n  a 

v i s u a l  c o r r e c t  r e j e c t i o n  was g r e a t e r  t h a n  a u d i t o r y  d' g i v e n  

a v i s u a l  m i s s ,  F ( 1 , 1 5 )  = 8.87, p < .01, i n s t e a d  of  b e i n g  

t h e  same. The i n t e r a c t i o n  be tween  IS1  and t y p e  of r e s p o n s e  

(Zi i  u r  i.ij F ( l , l 5 j  = 

t e s t ,  t ( 4 5 )  = 2 . 2 4 ,  p < .05 f o u n d  a u d i t o r y  d'  g i v e n  a f a l s e  

alarm t o  be less t h a n  a u d i t o r y  d' g i v e n  a c o r r e c t  r e j e c t i o n .  

F i g u r e  1 4  s h o w s  v i s u a l  d '  by a u d i t o r y  r e s p o n s e  t y p e .  

As would be p r e d i c t e d  by r e s p o n s e  i n t e r f e rence  t h e o r i e s ,  no 

s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  p e r f o r m a n c e  g i v e n  t h e  two  

t y p e s  of a u d i t o r y  r e s p o n s e  ( h i t  v s  f a l s e  alarm) were found,  

F(1,15) = 1.48 ,  p > .05. A l s o ,  v i s u a l  d' g i v e n  a c o r r e c t  

r e j e c t i o n  was no  d i f f e r e n t  f r o m  d' g i v e n  a m i s s ,  F ( l , 1 5 )  = 

. 40 ,  p > .05. V i s u a l  d '  g i v e n  a f a l s e  a la rm w a s  a l s o  less 

t h a n  v i s u a l  d '  g i v e n  a miss,  t ( 4 5 )  = 2.83, p < .Ol, a 

f i n d i n g  e x p l a i n e d  q u i t e  wel l  by a r e s p o n s e  c o n f l i c t  t h e o r y  

t h a t  i m p l i c a t e d  c o n c u r r e n t  r e s p o n s e - r e l a t e d  e v e n t s  i n  d u a l -  

t a s k  i n t e r f e r e n c e .  I n  a d d i t i o n ,  t h e  1 2 0 0  msec I S 1  c o n d i t o n  

p r o d u c e d  l o w e r  d '  s c o r e s  t h a n  t h e  1 6 0 0  msec c o n d i t i o n ,  

q . 0 ,  * r  p i .05, w a s  siyr- i i f icar i i .  A t- 



37 

F ( 1 , 1 5 )  = 9.83, p < .01. T h e r e  was a l s o  a s i g n i f i c a n t  

i n t e r a c t i o n  between speed  i n s t r u c t i o n s  and t y p e  of r e s p o n s e  

( h i t  v s  f a l s e  a l a r m ) ,  F ( 1 , 1 5 )  = 8.0 ,  p = . O i , a n d  a n  

i n t e r a c t i o n ,  F ( 1 , 1 5 )  = 5.18, p < .05, b e t w e e n  IS1 a n d  t y p e  

of  r e s p o n s e  ( c o r r e c t  r e j e c t i o n  vs miss). T a b l e s  A 6  b A 7  

(see Appendix)  g i v e  t h e  b e t a  and r e a c t i o n  time d a t a  f o r  t h i s  

a n a l y s i s .  

C o r r e c t  v e r s u s  I n c o r r e c t .  T h e  h i t ,  f a l s e  a l a r m ,  

c o r r e c t  r e j e c t i o n ,  and  miss d a t a  f r o m  t h e  p r e v i o u s  s e t  o f  

a n a l y s e s  were t h e n  c o l l a p s e d  i n t o  d ' ,  b e t a ,  a n d  RT g i v e n  a 

c o r r e c t  ( h i t s  + c o r r e c t  r e j e c t i o n s )  v e r s u s  a n  i n c o r r e c t  

(misses + f a l s e  a l a r m s )  r e s p o n s e  i n  t h e  o p p o s i t e  c h a n n e l .  

F i g u r e  1 5  g i v e s  a u d i t o r y  d'  g i v e n  a c o r r e c t  v e r s u s  a n  

i n c o r r e c t  r e s p o n s e  i n  t h e  v i s u a l  c h a n n e l .  T h e r e  w a s  no  

e f f e c t  of v i s u a l  c o r r e c t n e s s  on a u d i t o r y  d ' ,  F ( 1 , 1 5 )  = .51,  

p > . 05 ,  of IS1 on  a u d i t o r y  d ' ,  F ( 1 , 1 5 )  = 1 . 2 4 ,  p > .05, o r  

of s p e e d  i n s t r u c t i o n s  on a u d i t o r y  d ' ,  F ( 1 , 1 5 )  = . 1 4 ,  p > .05 
T h e r e  was, h o w e v e r ,  a s i g n i f i c a n t  i n t e r a c t i o n ,  F ( 1 , 1 5 )  = 

4.8,  p < .05, b e t w e e r !  IS1 and  type  of v i s u a l  response. 

The v i s u a l  d a t a  ( F i g u r e  16) r e v e a l e d  t h e  same t r e n d  as 

t h e  a u d i t o r y  d a t a ,  w i t h  no e f f e c t  o f  a u d i t o r y  c o r r e c t n e s s ,  

F(1,15) = .40 ,  p > -05 ,  I S I ,  F ( 1 , 1 5 )  = .003, p > - 0 5 ,  o r  

s p e e d  i n s t r u c t i o n s ,  F ( 1 , 1 5 )  = .08, p > .05. T h e r e  was a 

s i g n i f i c a n t  i n t e r a c t i o n ,  F ( l , 1 5 )  = 4.59, p < .05, b e t w e e n  

IS1 and  t y p e  of a u d i t o r y  r e s p o n s e .  B e t a  a n d  r e a c t i o n  t i m e  

d a t a  f o r  t h e  correct v e r s u s  i n c o r r e c t  a n a l y s i s  may be found 
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in the Appendix (Tables A 8  & A9). 
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DISCUSSION 

When c o n s i d e r e d  i n  t h e i r  e n t i r e t y ,  t h e  d a t a  f rom t h i s  

e x p e r i m e n t  s u g g e s t  t h a t  c a p a c i t y  was s h a r e d  between t h e  

audi tory  and t h e  v i s u a l  task. Further ,  i t  was apparent  t h a t  

t h e  major  s o u r c e  of sha red  c a p a c i t y  was t h a t  i n v o l v e d  i n  

making a response .  I n  t h e  s e c t i o n s  t h a t  f o l l o w ,  t h e  major  

r e s u l t s  w i l l  be summarized, and t h e i r  r e l a t i o n s h i p  t o  

va r ious  models of a t t e n t i o n  d i s c u s s e d .  

l imi ted-capac i ty  SY stem 

As discussed e a r l i e r ,  an i n i t i a l  assumption of a model 

p r e d i c t i n g  i n t e r f e r e n c e  dur ing  l a t e r  s t a g e s  of processing 

(and of any model o t h e r  t h a n  a r e s o u r c e  t h e o r y  p r o p o s i n g  

s e p a r a t e  pools f o r  a l l  components of t h e  t a s k s )  is t h a t  two 

t a s k s  t h a t  o v e r l o a d  t h e  t o t a l  c a p a c i t y  of t h e  s y s t e m  w i l l  

c a u s e  pe r fo rmance  decrements .  The  p r e s e n t  e x p e r i m e n t  

demonstrated o v e r a l l  capaci ty  l i m i t a t i o n s  i n  s e v e r a l  ways. 

F i r s t ,  dual- task performance was not as  good as  s ing le - t a sk  

performance, and performance i n  t h e  more d i f f i c u l t  double- 

s t i m u l a t i o n  c o n d i t i o n s  ( s h o r t e r  I S I ,  i n s t r u c t i o n s  

emphasizing speed) was worse than t h a t  i n  t h e  e a s i e r  double- 

s t i m u l a t i o n  cond i t ions  (longer ISI, no speed i n s t r u c t i o n s ) .  
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Second,  t h e  p e r f o r m a n c e  decrement  was e x p r e s s e d  i n  t h e  form 

o f  more m i s s e d  r e s p o n s e s ,  a r e s u l t  p r e d i c t e d  by B r o a d b e n t ' s  

( 1 9 5 8 )  s i n g l e  c h a n n e l  ( l i m i t e d  c a p a c i t y )  m o d e l  o f  

a t t e n t i o n .  The  two tasks can  he p e r f o r m e d  c o n c u r r e n t l y  a t  

t h e  e x p e n s e  of d e l a y e d  r e s p o n s e s ,  w h i c h  t r a n s l a t e  i n t o  

misses when a r e p e a t e d  t r i a l s  p r o c e d u r e  w i t h  s h o r t  ISIs is 

u s e d .  

The t h i r d  and a r g u a b l y  most  i m p o r t a n t  p iece of e v i d e n c e  

s u p p o r t i n g  g e n e r a l i z e d  c a p a c i t y  l i m i t a t i o n s  were found  when 

t h e  d a t a  were a n a l y z e d  by t h e  l a t e n c y  of t h e  r e s p o n s e  i n  t h e  

a l t e r n a t e  c h a n n e l  ( F i g u r e s  7 & 8 ) .  On t r i a l s  w h e r e  t h e  

v i s u a l  RT i s  g r e a t e r  t h a n  t he  m e d i a n  v i s u a l  RT (a  s l o w  

r e s p o n s e ) ,  a u d i t o r y  d' i s  low. On t r i a l s  w h e r e  t h e  v i s u a l  

RT i s  l e s s  t h a n  t h e  m e d i a n  ( 2  f a s t  r e s p o n s e ) ,  a u d i t o r y  

d e t e c t i o n  p e r f o r m a n c e  i s  h i g h .  V i s u a l  d ' ,  h o w e v e r ,  was n o t  

d e p e n d e n t  on t h e  l a t e n c y  o f  a u d i t o r y  r e s p o n s e s .  S i n c e  

v i s u a l  RTs were f a s t e r  o v e r a l l  t h a n  a u d i t o r y  KTs i n  t h e  

e x p e r i m e n t ,  it is r e a s o n a b l e  t o  assume t h a t  v i s u a l  r e s p o n s e s  

r e c e i v e  p r i o r i t y  and t h a t  r e s p o n s e s  t o  t h e  a u d i t o r y  c h a n n e l  

m u s t  wait  u n t i l  p r o c e s s i n g  i n  t h e  v i s u a l  c h a n n e l  is  complete 

t o  some p o i n t .  S i n c e  t h e  a u d i t o r y  s h o r t - t e r m  s t o r e  l a s t s  

c o n s i d e r a b l y  l o n g e r  t h a n  t h e  v i s u a l  s h o r t - t e r m  s t o r e  t h i s  

s t r a t e g y  w o u l d  be  more  e f f i c i e n t  t h a n  p r o c e s s i n g  t h e  

a u d i t o r y  s t i m u l u s  f i r s t  ( D a r w i n ,  T u r v e y ,  & C r o w d e r ,  1 9 7 2 ) .  

The f a s t - f a d i n g  v i s u a l  i n f o r m a t i o n  c o u l d  be p r o c e s s e d  w h i l e  

t h e  l i n g e r i n g  a u d i t o r y  t r a c e s  w a i t e d  i n  s t o r a g e .  The  
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r e a c t i o n  t i m e  d a t a  s u p p o r t e d  t he  d e t e c t i o n  d a t a  i n  t h a t  

r e a c t i o n  t ime g i v e n  a s h o r t  r e r p o n s e  i n  t h e  o t h e r  c h a n n e l  

was s h o r t e r  t h a n  r e a c t i o n  t ime  q i v e n  a l o n g  r e s p o n s e  i n  t h e  

o t h e r  channe l .  T h i s  p a t t e r n  of r e s u l t s  s u g g e s t s  t h a t  t h e r e  

is  a l i m i t e d  amount of p r o c e s s i n g  c a p a c i t y  a v a i l a b l e  f o r  t h e  

t w o  t a s k s  on any  g i v e n  t r i a l ,  a n d  t h a t  as m o r e  c a p a c i t y  i s  

demanded by one  t a sk  less c a p a c i t y  is a v a i l a b l e  t o  t h e  o t h e r  

t a sk .  

W h i l e  t h e  p i c t u r e  s o  f a r  does  n o t  s p e c i f y  t h e  l o c u s  of 

c a p a c i t y  l i m i t a t i o n s ,  i t  d o e s  r u l e  o u t  t h e  n o t i o n  t h a t  a l l  

componen t s  of t h e  two s h a r e d  t a s k s  draw on separate c a p a c i t y  

stores. i i i t i i o u y i i  riot d s u r p r i s i n g  r e v e i d t i o r i ,  i t  i s  d i i  

i m p o r t a n t  one .  I f  t h i s  w e r e  t h e  c a s e  t h e n  n o  r e c i p r o c i t y  

would have  been o b s e r v e d  be tween  p e r f o r m a n c e  i n  one  c h a n n e l  

a n d  t h e  l a t e n c y  of a r e s p o n s e  i n  a n o t h e r .  T h e  n e x t  s e t  o f  

a n a l y s e s  were d e s i g n e d  t o  l o c a l i z e  s o u r c e s  of t h e  p r o c e s s i n g  

d e c r e m e n t s  s i n c e  t h e  a f o r m c n t i o n e d  a s s u m p t i o n  of t h e  

e x i s t e n c e  of s h a r e d  c a p a c i t y  h a s  been  met. 

Response  i n t e r f e r e n c g  

The p r e s e n t  s e t  of r e s u l t s  p r o v i d e s  s t r o n g  e v i d e n c e  f o r  

a r e s p o n s e  i n t e r f e r e n c e / r e s p o n s e  c o m p e t i t i o n  e x p l a n a t i o n  of 

t h e  o b s e r v e d  d u a l - t a s k  dec remen t s .  T h i s  e x p l a n a t i o n  r e l i e s  

on t h e  primary a s s u m p t i o n  t h a t  c a p a c i t y  is  s h a r e d  w i t h i n  t h e  

s y s t e m  (an a s s u m p t i o n  a l r e a d y  s u p p o r t e d  by d a t a  found i n  t h e  

e x p e r i m e n t )  a n d  a s s e r t s  t h a t  t h e  l i m i t a t i o n s  m a n i f e s t  

t h e m s e l v e s  d u r i n g  t h e  r e sponse  s t a g e  of p r o c e s s i n g .  
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F i r s t ,  t h e  e f f e c t s  of  a t a r g e t  ( a  c h a n g e )  i n  a c h a n n e l  

on d '  i n  t h e  o t h e r  c h a n n e l  were e x a m i n e d  ( F i g u r e s  9 & 1 0 ) .  

I t  was found t h a t ,  f o r  t h e  a u d i t o r y  c h a n n e l ,  d' was l o w e r  i f  

a change  o c c u r r e d  i n  t h e  v i s u a l  channe l .  These  r e s u l t s  a r e  

c o n s i s t e n t  w i t h  t h o s e  r e p o r t e d  by S o r k i n  e t  a l .  (1973), 

S o r k i n  e t  al. (1976) ,  and Pohlmann & S o r k i n  (1976).  A t  t h i s  

p o i n t  i n  t h e  a n a l y s i s  t h e  c o m p o n e n t s  of t h e  e v e n t s  i n  t h e  

o t h e r  c h a n n e l  c o m p r i s i n g  a " c h a n g e "  t r i a l  i n c l u d e :  a 

p e r c e p t u a l  s i g n a l  (a  v i s u a l  s t i m u l u s  t h a t  i s  e i t h e r  red o r  

b l u e ) ,  a n  i n t e r n a l  t r a n s l a t i o n  s i g n a l  l i n k e d  t o  a r e s p o n s e ,  

a n d  possibly a r e s p o n s e .  C o n s e q u e n t l y ,  t h i s  a n a l y s i s  d o e s  

I IVL UY itself d i s t i n g u i s h  t o  w i l d i  degree each or' t h e  three 

c o m p o n e n t s  is r e s p o n s i b l e  f o r  t h e  decreased a u d i t o r y  d' .  

F u r t h e r  b r e a k d o w n  o f  t h e  d a t a  is n e c e s s a r y  t o  s u p p o r t  

t h e o r i e s  l o c a l i z i n g  i n t e r f e r e n c e  t o  a p a r t i c u l a r  s t a g e  of 

p r o c e s s i n g .  

- r C  L-- 

Next ,  p e r f o r m a n c e  i n  a c h a n n e l  g i v e n  a r e s p o n s e  ( h i t  o r  

f a l s e  alarm) was c o m p a r e d  t o  p e r f o r m a n c e  g i v e n  a non-  

r e s p o n s e  ( c o r r e c t  r e j e c t i o n  o r  miss) i n  t h e  o t h e r  c h a n n e l  

( F i g u r e s  11 & 1 2 ) .  A g a i n ,  f o r  t h e  a u d i t o r y  c h a n n e l ,  i t  was 

found  t h a t  d' p e r f o r m a n c e  was w o r s e  when a r e s p o n s e  was made 

i n  t h e  v i s u a l  channel .  T h i s  breakdown of t h e  d a t a  c o l l a p s e s  

o v e r  t h e  pe rcep tua l  n a t u r e  of t h e  e v e n t  o c c u r r i n g  i n  t h e  

o t h e r  c h a n n e l  ( s i g n a l ,  n o n - s i g n a l ) ,  and  l e n d s  s u p p o r t  t o  t h e  

h y p o t h e s i s  t h a t  d u a l - t a s k  d e c r e m e n t s  a r e  due  t o  a s h o r t a g e  

of  r e s o u r c e s  a t  t h e  r e s p o n s e  s t a g e  of p r o c e s s i n g .  
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The f i n a l  a n a l y s i s  c o n p a r e d  p e r f o r m a n c e  w i t h i n  t h e  

r e s p o n s e  v s  no r e s p o n s e  g r o u p s  ( F i g u r e s  1 3  & 1 4 ) .  O n c e  

a g a i n  t h e  r e a d e r  i s  e n c o u r a g e d  t o  r e f e r  b a c k  t o  T a b l e  1. 

W i t h i n  t h e  r e s p o n s e  group of e v e n t s ,  t h e r e  a r e  r e s p o n s e s  t=, 

s i g n a l s  and r e s p o n s e s  t o  non- s igna l s .  If  r e s p o n s e  p r o c e s s e s  

a r e  i n  f a c t  t h e  cause of i n t e r f e r e n c e  i n  d i v i d e d  a t t e n t i o n ,  

t h e  perceptual n a t u r e  of t h e  e v e n t  s h o u l d  n o t  mat ter  and d' 

i n  a c h a n n e l  s h o u l d  b e  t h e  same r e g a r d l e s s  o f  w h e t h e r  t h e  

c o n c u r r e n t  e v e n t  i n  t h e  o t h e r  c h a n n e l  was a h i t  ( r e s p o n s e  t o  

a s i g n a l )  o r  a f a l s e  a l a r m  ( r e s p o n s e  t o  a n o n - s i g n a l ) .  

S i m i l a r l y ,  w i t h i n  t h e  no r e s p o n s e  g r o u p I  t h e r e  a r e  misses 

( n o n - r e s p o n s e  t o  a s i g n a l )  a n d  c o r r e c t  r e j e c t i o n s ( n o n -  

r e s p o n s e  t o  a n o n - s i g n a l ) .  A r e s p o n s e  i n t e r f e r e n c e  t h e o r y  

would p r e d i c t  no d i f f e r e n c e s  be tween  t h e  two  t r i a l  t y p e s  i n  

t h e  non-  r e s p o n s e  g r o u p ,  w h i  1.e a p e r c e p t u a l  i n t e r f e r e n c e  

t h e o r y  w o u l d  p r e d i c t  b e t t e r  p e r f o r m a n c e  f o r  t r i a l  t y p e s  

w h e r e  t h e r e  a r e  no  s i g n a l  e v e n t s  o c c u r r i n g  i n  t h e  o t h e r  

c h a n n e l  ( f a l s e  a l a r m s  and c o r r e c t  r e j e c t i o n s ) .  The a n a l y s e s  

on  t h e  d a t a  b r o k e n  down by t h e  f o u r  t r i a l  t y p e s  d i d  n o t  

r e v e a l  a n y  d i f f e r e n c e s  b e t w e e n  h i t s  a n d  f a l s e  a l a r m s  

( s u p p o r t e d  by b o t h  a u d i t o r y  a n d  v i s u a l  d a t a )  o r  b e t w e e n  

cor rec t  r e j e c t i o n s  and misses ( s u p p o r t e d  by on ly  t h e  v i s u a l  

d a t a ) .  F u r t h e r ,  t h e  a u d i t o r y  d a t a  s h o w e d  d'  g i v e n  a v i s u a l  

f a l s e  a l a r m  t o  be l e s s  t h a n  d '  g i v e n  a c o r r e c t  r e j e c t i o n ,  

w h i l e  v i s u a l  d' g i v e n  a f a l s e  alarm was less  t h a n  d' g i v e n  a 

miss. The a u d i t o r y  r e a c t i o n  time d a t a  s u p p o r t e d  a r e s p o n s e  
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c o m p e t i t i o n  i n t e r p r e t a t i o n  i n  SII a n a l y s i s  where  a u d i t o r y  RT 

g i v e n  a v i s u a l  m i s s  was f a s t e r  t h a n  RT g i v e n  a v i s u a l  h i t .  

T h e  o n l y  f i n d i n g  s u p p o r t i v e  of p e r c e p t u a l  i n t e r f e r e n c e  was 

t h a t  a u d i t o r y  d' g i v e n  a v i s u a l  c o r r e c t  r e j e c t i o n  was 

g r e a t e r  t h a n  d' g i v e n  a miss. A r e s p o n s e  c o m p e t i t i o n  t h e o r y  

w o u l d  h a v e  p r e d i c t e d  e q u a l  d ' s  f o r  t r i a l s  w i t h  a c o r r e c t  

r c j e c t i o n  o r  a miss o c c u r r i n g  i r i  t h e  o t h e r  c h a n n e l .  

The  f i n d i n g s  o f  i n c r e a s i n g l y  b e t t e r  d e t e c t i o n  as  t h e  

e v e n t  i n  t h e  o p p o s i t e  channe l  r ange  f rom h i t  t o  f a l s e  alarm 

t o  m i s s  t o  c o r r e c t  r e j e c t i o n  have  been w i d e s p r e a d  ( E i j k m a n  & 

V e n d r i k ,  1 9 6 5 ;  P o h l m a n n  & S o r k i n ,  1 9 7 6 ;  Moray e t  a l . ,  1 9 7 6 ;  

a n d  S o r k i n  & P o h l m a n n ,  1 9 7 3 ) .  The  o n l y  d i f f e r e n c e  b e t w e e n  

t h e  c u r r e n t  f i n d i n g s  and t h o s e  found i n  t h e  m a j o r i t y  of t h e  

l i t e r a t u r e  i s  t h a t  i n  t h e  c u r r e n t  e x p e r i m e n t  a u d i t o r y  d1 

g i v e n  a m i s s  was l e s s  t h a n  d '  g i v e n  a c o r r e c t  r e j e c t i o n  

( c o n s i s t e n t  w i t h  t h e  l i t e r a t u r e )  and v i s u a l  d' g i v e n  a m i s s  

was e q u a l  t o  d '  g i v e n  a c o r r e c t  r e j e c t i o n  ( i n c o n s i s t e n t ) .  

P e r h a p s  t h i s  m i n o r  c o n t r o v e r s y  c o u l d  b e  e x p l a i n e d  by t h e  

o b s e r v e d  p r e f e r e n c e  f o r  t h e  v i s u a l  c h a n n e l ,  which  w i l l  be  

d i s c u s s e d  n e x t .  

V i s u a l  dominance 

The r e s u l t  of b e t t e r  p e r f o r m a n c e  i n  t h e  v i s u a l  o v e r  t h e  

a u d i t o r y  c h a n n e l  r e p l i c a t e s  t h e  r e s u l t s  f r o m  t h e  p r e v i o u s  

e x p e r i m e n t  (Casper a n d  K a n t o w i t z ,  1 9 8 5 )  s u g g e s t i n g  v i s u a l  

dominance  (Posne r ,  N i s s e n ,  & K l e i n ,  1976) .  S i m i l a r  r e s u l t s  

h a v e  r e c e n t l y  b e e n  f o u n d  by K l a p p ,  H i l l ,  T y l e r ,  M a r t i n ,  
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Jagac insk i ,  & Jones (1985) u s i n g  a rhythmic monitoring task.  

I n  a d d i t i o n  t o  b e t t e r  v i s u a l  pe r fo rmance  o v e r a l l ,  t h e  

asymmetrical  cross-channel e f f e c t s  (F igures  7 through 1 2 )  

suggest  t h a t  s u b j e c t s  gave p r i o r i t y  t o  t h e  even t s  occurr ing  

i n  t he  v i s u a l  channel. Visual performance remained cons t an t  

( a t  a h i g h  l e v e l )  r ega rd le s s  of t h e  type of event  occur r ing  

i n  t h e  a u d i t o r y  c h a n n e l ,  be i t  a s i g n a l  t o  r e s p o n d ,  

r e s p o n s e ,  o r  l o n g  RT. Although t h e  t o t a l  number of v i s u a l  

and audi tory  s i g n a l s  were equal ,  t h e r e  remains one p o s s i b l e  

explana t ion  f o r  t h e  observed v i s u a l  dominance e f f e c t .  The 

i n t e n s i t i e s  of t h e  a u d i t o r y  and v i s u a l  s t i m u l i  were n o t  

e q u a i  (see method s e c t i o n  f o r  a c o m p i e t e  e x p i a n a t i o n j .  

Since t h e  i n t e n s i t i e s  of t h e  audi tory  s t i m u l i  were equated, 

t h e  v i s u a l  task could have been a much e a s i e r  d i s c r i m i n a t i o n  

t a s k  t h a n  t h e  a u d i t o r y  t a sk .  B u t  i f  t h i s  was t h e  c a s e ,  i t  

should not have been necessary f o r  audi tory  t a sk  performance 

t o  be s a c r i f i c e d  i n  o rde r  t o  m a i n t a i n  good p e r f o r m a n c e  on  

t h e  v i s u a l  t a s k .  I f  t h e  v i s u a l  t a s k  was s o  much e a s i e r  t o  

b e g i n  w i t h  i t  w o u l d  seem t h a t  t h e r e  wou ld  be s p a r e  

p r o c e s s i n g  c a p a c i t y  r ema in ing  ( f rom t h e  v i s u a l  t a s k )  t h a t  

c o u l d  be used t o  improve p e r f o r m a n c e  on t h e  a u d i t o r y  t a s k .  

An experiment p re sen t ly  i n  p rogress  which  (due t o  improved 

equipment) was ab le  t o  equate t h e  v i s u a l  a s  well as audi tory  

i n t e n s i t i e s ,  should h e l p  provide answers t o  t h e s e  ques t ions .  

The p re sen t  da ta  a re  supported by a number of previous 

s t u d i e s ,  some of w h i c h  h a v e  a l r e a d y  b e e n  m e n t i o n e d .  
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b 

c,. 

However ,  many o t h e r  s t u d i e s  h a v e  come t o  s l i g h t l y  

d i f f e r e n t ,  a l t h o u g h  n o t  e n t i i e l y  oppos i te  conclus ions  about 

bimodal divided a t t en t ion .  Tr i e sman  & Davies ( 1 9 7 3 )  found 

e v i d e n c e  f o r  what they  b e l i e v e d  t o  be " m o d a l i t y - s p e c i f i c  

perceptua l  capacity". T h i s  would e n t a i l  s e p a r a t e  pe rcep tua l  

processing capaci ty  f o r  each modal i ty ,  m i n i m i z i n g  perceptua l  

i n t e r f e r e n c e  between s i m u l t a n e o u s  i n p u t s  t o  d i f f e r e n t  

m o d a l i t i e s .  D u a l - t a s k  c o m b i n a t i o n s  u s i n g  t h e  s a m e  

moda l i t i e s  f o r  input  o r  the same moda l i t i e s  f o r  output  w i l l  

show g r e a t e r  i n t e r f e r e n c e  than t a s k s  assigned t o  d i f f e r e n t  

modal i t ies .  Resul t s  i n  accordance w i t h  Triesman & Davies' 

have been r e p o r t e d  by McLeod ( l Y 7 / ) ,  M a r t i n  (1980), and 

Wickens (1980). The  r e s u l t s  of t h e  present  experiment would 

n o t  be d i f f i c u l t  t o  account  f o r  i n  t h e  l i g h t  of t h e i r  

f i n d i n g s  s ince  each task  used a s e p a r a t e  modality f o r  i npu t ,  

a n d  a common m o d a l i t y  f o r  o u t p u t .  A t r u e r  t e s t  o f  

perceptua l  versus  response i n t e r f e r e n c e  m i g h t  u s e  t h e  same 

m o d a l i t y  f o r  i n p u t s  and t h e  same m o d a l i t y  f o r  o u t p u t s ,  o r  

f u r t h e r  s e g r e g a t e  t h e  two t a s k s  by employing  d i f f e r e n t  

m o d a l i t i e s  f o r  o u t p u t .  T h e  l a t t e r  m a n i p u l a t i o n  s h o u l d  

r e s u l t  i n  c o m p l e t e l y  independen t  p r o c e s s i n g  i f  i ndeed  t h e  

d e c r e m e n t s  a r e  due t o  e x e c u t i n g  t w o  r e s p o n s e s  i n  t h e  same 

m o d a l i t y .  The modal  i t y - s p e c i f  i c  p e r c e p t u a l  c a p a c i t y  

e x p l a n a t i o n  does n o t  e x p l a i n ,  however ,  t h e  r e s u l t s  of no 

perceptua l  i n t e r f e r e n c e  from s i g n a l  d e t e c t i o n  e x p e r i m e n t s  

where s u b j e c t s  monitored two d i f f e r e n t  audi tory  f r equenc ie s  
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f o r  t a r g e t s  ( S o r k i n  e t  a l . ,  1 9 7 3 , ;  S o r k i n  e t  a l . ,  1 9 7 6 ) .  

Such e x p e r i m e n t s  have found d e t e c t a b i l i t y  t o  be e q u i v a l e n t  

w h e t h e r  t h e  t w o  f r e q u e n c i e s  a r e  p r e s e n t e d  d i c h o t i c a l l y  o r  

m o n a u r a l l y ,  i n d i c a t i n g  t h a t  p h y s i c a l  s e p a r a t i o n  of  t h e  two 

t a s k s  i s  n o t  n e c e s s a r y  f o r  d i b i d e d  a t t e n t i o n  t o  p r o c e e d  

u n i n t e r f e r e d .  P e r h a p s  t h e  q u e s t i o n  can  be  r educed  t o  one of 

t h e  g r a i n  o f  a n a l y s i s  killere t h e  d e f i n i t i o n  of a " m o d a l i t y "  

i s  c o n c e r n e d ;  S o r k i n  and h i s  a s s o c i a t e s  m a i n t a i n  t h a t  

s t i m u l i  w i t h i n  a c r i t i c a l  b a n d w i d t h  w i l l  m a s k  e a c h  o t h e r  

w h i l e  t h o s e  s e p a r a t e d  by t h e  c o r r e c t  d i s t a n c e  c a n  b e  

m o n i t o r e d  s i m u l t a n e o u s l y .  Thus i n  a u d i t o r y  s i g n a l  d e t e c t i o n  

m o d a i i t i e s  ( o r  c n a n n e i s j  d i f f e r  n o t  by the p h y s i c a l  s e n s i n g  

m e c h a n i s m  e m p l o y e d  b u t  by t h e  f r e q u e n c i e s  t h e y  a r e  

a s s i g n e d .  A s  l o n g  as  t h e  d a t a  a t  e a c h  l e v e l  o f  i n q u i r y  a r e  

c o m p a t i b l e  f i n d i n g s  f rom d i f f e r e n t  m e t h o d o l o g i e s  s h o u l d  n o t  

have  t o  l e a d  t o  d i f f e r e n t  c o n c l u s i o n s  c o n c e r n i n g  a t t e n t i o n .  

S e v e r a l  m o d e l s  a r e  c a p a b l e  of e x p l a i n i n g  t h e s e  

f i n d i n g s .  One i s  a h y b r i d  m o d e l  p r o p o s e d  by K a n t o w i t z  & 

K n i g h t  ( 1 9 7 6 )  w h e r e  e a r l y  s t a g e s  of p r o c e s s i n g  p r o c e e d  i n  

p a r a l l e l  and l a t e r  s t a g e s  m u s t  p r o c e e d  s e r i a l l y .  A s o u r c e  

o f  l i m i t e d  c a p a c i t y  is a v a i l a b l e  t o  a l l  o f  t h e  s t a g e s  a n d  

c a p a c i t y  t h a t  i s  n o t  u sed  u p  by t h e  e a r l i e r  s t a g e s  may b e  

t r a n s f e r r e d  t o  t h e  l a t e r  s t a g e s .  I n  c o n d i t i o n s  of c a p a c i t y  

" u n d e r l o a d "  (easy  t a s k s )  t h e  model is i n d i s t i n g u i s h a b l e  f rom 

a s i m p l e  s t a g e  m o d e l  w h e r e  t h e r e  a r e  s e p a r a t e  s o u r c e s  o f  

c a p a c i t y  f o r  e a c h  s t a g e .  I n c r e a s e s  i n  t a s k  d i f f i c u l t y ,  
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4' 

however, r e s u l t  i n  a processing bot t leneck  a t  t he  response 

end ( t h e  s e r i a l  end)  of t h e  s y s t e m ,  c a u s i n g  pe r fo rmance  

dec remen t s .  The model h o l d s  p o t e n t i a l  f o r  a m b i t i o u s  

m a t h e m a t i c a l  p s y c h o l o g i s t s  a t t e m p t i n g  t o  q u a n t i f y  t h e  

model's p r e d i c t i o n s  regarding system capaci ty .  

A m u l t i p l e  resource model s u c h  as Wickens' (1980) would 

account f o r  t h e  present  da ta  by not ing  t h a t  d i f f e r e n t  i npu t  

m o d a l i t i e s  and t h e  same output m o d a l i t i e s  were used. Such a 

m a n i p u l a t i o n  would r e s u l t  i n  r e s p o n s e  i n t e r f e r e n c e ,  s i n c e  

t h e  same pool  of c a p a c i t y  i s  used f o r  r e s p o n s e  p r o c e s s i n g .  

A m u l t i p l e  r e s o u r c e  theo ry  approach  t o  t h i s  problem would 

manipulate  t h e  t a s k  combinations ~ s p d  ir). i ~ p t  m~dalities, 

output  moda l i t i e s ,  and c e n t r a l  processing codes, among o the r  

va r i ab le s .  Supposedly, more perceptua l  i n t e r f e r e n c e  would 

be found when t w o  t a s k s  s h a r e d  t h e  same i n p u t  m o d a l i t i e s  

than when they used d i f f e r e n t  modal i t ies .  I f  t h e  hypotheses 

of Wickens' model a r e  t r u e ,  i t  would t h e o r e t i c a l l y  be 

p o s s i b l e  t o  design a dual-task s i t u a t i o n  where each p a r t  of 

each t a s k  draws crn a s e p a r a t e  c a p a c i t y  s t o r e  and  p e r f e c t  

t i m e s h a r i n g  would r e s u l t .  Such r e s u l t s  have been found 

( A l l p o r t ,  An ton i s  & Reynolds,  1 9 7 2 )  b u t  s e v e r a l  q u e s t i o n s  

remain.  F a c t o r s  s u c h  a s  t a s k  p r i o r i t y  and t a s k  d i f f i c u l t y  

(Navon & Gopher, 1980)  have been shown t o  play an impor tan t  

p a r t  i n  d e t e r m i n i n g  how two t a s k s  a r e  t i m e s h a r e d .  I n  

add i t ion ,  t h e  parsimony of resource theory m u s t  be compared 

t o  t h a t  of o t h e r  approaches .  Some have q u e s t i o n e d  t h e  
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u t i l i t y  o f  a d h e r i n g  t o  r e s o u r c e  t h e o r y  w h e n  m o r e  

p a r s i m o n i o u s  e x p l a n a t i o n s  a r e  a b l e  t o  a c c o u n t  f o r  a n d  

p r e d i c t  p e r f o r m a n c e  (Navon, 1 9 8 4 ) .  

I n  summary, it a p p e a r s  t h a t  a t t e n t i o n  is l i m i t e d  when 

t i m e s h a r i n g  t w o  t a s k s  i n  d i f f e r e n t  m o d a l i t i e s ,  a n d  t h a t  

p r o c e s s i n g  of a r e s p o n s e  somehow d i s r u p t s  p e r f o r m a n c e  i n  t h e  

c o n c u r r e n t l y  p e r f o r m e d  t a sk .  The p r e s e n t  pa rad igm is r i c h  

w i t h  p o s s i b i l i t i e s  f o r  o t h e r  e x p e r i m e n t s  t h a t  c o u l d  f u r t h e r  

i l l u m i n a t e  t h e  s t r u c t u r e  of  t h e  i n f o r m a t i o n  p r o c e s s i n g  

s y s t e m :  t h e r e  i s  no  d o u b t  t h a t  c o n v e r g i n g  o p e r a t i o n s  a r e  

n e e d e d  t o  s o l v e  t h i s  c o m p l e x  p r o b l e m .  The  p i c t u r e  o f  

a t t e n t i o n  t h a t  w i l l  e m e r g e  w i l l  b e  m o s t  l i k e l y  a d e t a i l e d  

o n e ,  w i t h  t h e  human d e p i c t e d  a s  a d y n a m i c  i n f o r m a t i o n  

p r o c e s s o r .  O t h e r  f a c t o r s  t h a t  h a v e  a p p e a r e d  t o  p l a y  a n  

i m p o r t a n t  ro le  i n  d u a l -  and m u l t i - t a s k  t i m e s h a r i n g  are t h e  

p a y o f f s  a s s o c i a t e d  w i t h  d i f f e r e n t  l e v e l s  of t a s k  p e r f o r m a n c e  

( H e a t h ,  1 9 7 7 ) ,  t h e  o r d e r  of  r e p o r t  o f  a s i g n a l  i n  t h e  

d i f f e r e n t  c h a n n e l s  (Pohlmann & S o r k i n ,  1976;  M a r t i n ,  1980) ,  

a n d  t h e  m e t h o d  of p r e s e n t a t i o n  of t h e  s t i m u l i  ( S h i f f r i n  & 

Grantham,  1974) .  An e x p e r i m e n t  c u r r e n t l y  i n  p r o g r e s s  s h o u l d  

f u r t h e r  d e t e r m i n e  t h e  p o t e n t i a l  a d v a n t a g e s  o r  d i s a d v a n t a g e s  

o f  p r e s e n t a t i o n  s t r a t e g i e s  a n d  t h e  t e m p o r a l  r e l a t i o n s h i p s  

between t h e  p r o c e s s i n g  r e q u i r e m e n t s  of two  t i m e s h a r e d  tasks .  
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T a b l e  1. Predictions of p e r c e ptual and response 
interference models for d' in a channel given the type of 
response in the other channel. 

KEY 
...................... 
H = hit 
M = miss 
CR = correct rejection 
FA = false alarm 

THEORY 

d' I H = d '  I FA 

d' I M = d'  I CR 

d' I H < d' I CR 

d' I H  < d ' I M  

d'  I FA < d '  I CR 

d' I FA < d '  I M 

......................... 
Perceptual Interference 

d '  I H < d '  I FA 

d '  I M < d' 1 CR 

d' I H < d' I CR 

d' I H  = d '  I M  

d' I FA = d' I CR 

d'  1 FA > d' 1 M 
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Table 2. Order of experimental conditions. 

Number of trials Condition ---------------- --------- 

Regular Instructions 

50 

50 

50  

50 

50  

50 

50 

50 

Speeded Instructions 

50 

50 

50 

Double 

Single 

Single 

Double 

Double 

Single 

Single 

Double 

s t i mu1 at ion 

stimulation 

stimulation 

stimulation 

stimulation 

stimulation 

stimulation 

stimulation 

Double stimulation 

Double stimulation 

Double stimulation 

50 Double stimulation 

1600 

1600 

1600 

1600 

1200 

1200 

1200 

1200 

1600 

1600 

1200 

1200 
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Table 3. Auditory and v i sua l  HT means. 

Aud i t  o ry Regular 1200 1 415 
2 400 

1600 1 549 
2 4 97 

F a s t  1200 1 255 
2 246 

1600 1 336 
2 336 

No 
Response 

3 91 
369 
510 
475 

2 84 
306 
371 
335 

I ... 376 
371 
459 
432 

1200 1 269 
2 257 

1600 1 319 
2 311 

289 
278 
341 
316 



d 

t o n e s  n n 
X X 

r e c t a n g l e s  J n n 
X X 

F i g u r e  1. A g r a p h i c  d e p i c t i o n  of a p o r t i o n  of t h e  s t i m u l u s  
s e q u e n c e s  used i n  the expe r imen t .  The IS1 shown is f o r  t h e  
1 6 0 0  msec c o n d i t i o n ,  w h e r e  a p u l s e  i n d i c a t e s  a 1 0 0  msec 
s t i m u l u s  p r e s e n t a t i o n .  Note t h a t  a n  “x” u n d e r  a p u l s e  
i n d i c a t e s  t h a t  a c h a n g e  has o c c u r r e d  on  t h a t  t r i a l  a n d  a 
r e s p o n s e  is i n d i c a t e d .  
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I 550 

I 500 

a 450 

4 0a 
I 

L 
158 

308 

250 

" 0  
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B. . 
*. . . . . 

. . . . . . '. . -  . . . . . . . 
. -  . -  . '  

-..TI 
-0 

I I 

1600 1200 
IS1 ( m e e c )  

T T o n e a - r e ~  y i o n o a - f a e  i Roctongioo-reg ( ) R o c t a n ~ ~ e c - f o o  t 
I 

I t I 

F i g u r e  2. Overall RT as a function of ISI, speed 
instructions, and modality of stimulus. 
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3.50 

D 

C 
0 

t 
3.00 

2.50 

2.00 I I 7 -- 
S t n Q l o  SLtm. Rag.  D o u b l o  S L i m .  F e e t  D o u b l e  SLlm. 

Love I o f  e Ltmu I e L ton  
01200 m a o c  IS1 A1600 m s 0 c  IS1 

F i g u r e  3. Auditory d' as a function of 
stimulation and ISI. 

l e v e l  o f  
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F i g u r e  4. V i s u a l  d' a s  a f u n c t i o n  of 
stimulation and ISI. 
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l e v e l  of 

E 
I 
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495 
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C 
0 

t =  

245 

145  I I-- 1 

S t n g l o  S L k m .  Reg. D o u b l e  SLtrn. F e e t  Double  SLtrn. 
L e v e l  o f  Q l ~ W l 0 ~ 4 o n  

01200 moec IS1 A1608 m g o c  IS! 

Figure 5.  A u d i t o r y  RT by l e v e l  of stimulation a n d  
ISI. 
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F i g u r e  6. Visual RT by level of stimulation and ISI. 
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> mod t o n  RT < m e d i a n  RT 
RT t y p e  ln v l ~ u a l  channel 

01200 m e e c  IS1 A1600 meec IS1 

F i g u r e  7. Auditory d' by visual trial type (<  median  
RT, > median RT) and ISI. 
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01200 m s e c  IS1 A1600 meuc IS1 

F i g u r e  8. Visual d '  by auditory trial t y p e  ( <  median 
RT, > median  RT) a n d  ISI. 
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F i g u r e  9. A u d i t o r y  d'  by v i s u a l  t r i a l  t y p e  ( c h a n g e ,  
no c h a n g e )  and ISI. 
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F i g u r e  1 0 .  V i s u a l  d '  by a u d i t o r y  t r i a l  t y p e  (change,  
no c h a n g e )  and ISI .  
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F i g u r e  11. Audi to ry  d'  by v i s u a l  t r i a l  t y p e  ( r e -  
sponse, no response) ,  ISI, and speed i n s t r u c t i o n s .  
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Figure 12. Visual d' by auditory trial type 
no response), ISI, and speed instructions. 
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Figure 13. Auditory df  by t y p e  of  v i s u a l  
( h i t ,  f a l s e  alarm, correct rejection and 
ISI. 

response 
miss) and 
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F i g u r e  1 4 .  V i s u a l  d '  by t y p e  o f  a u d i t o r y  r e s p o n s e  
( h i t ,  false alarm, cor rec t  r e j e c t i o n  and miss) and 
ISI. 
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(correct versus incorrect) and ISI. 
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F i g u r e i 6 .  ' v i s u a l  d '  by t y p e  uf a u d i t o r y  r e s p o n s e  
( co r rec t  versus i n c o r r e c t )  and ISI. 
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T a b l e  A l .  Overa l l  e r ro r  da t a .  

Speed I n s t r u c t i o n s  

Regular F a s t  

% f a l se  alarms 7.9 7 . 0  11 .8  1 0 . 8  

A u d i t o r y  

% misses 19.9 15 .0  18 .7  13.8 

% f a l s e  alarms 5 .9  5 . 4  

V i s u a l  

3 misses 1 7 . 1  13 .7  

a. 4 6 .3  

17 .9  12 .1  



7 5  

1 

T a b l e  A2. A u d i t o r y  a n d  v i s u a l  b e t a  s c o r e s  as a f u n c t i o n  of 
t h e  l e v e l  of s t i m u l a t i o n  a n d  ISI. 

IS1 

AUDITORY 

1 2 0 0  

1600 

VISUAL 

1200 

1600 

S i n g l e  R e g u l a r  S p e e d  F a s t  S p e e d  
S t i m u l a  t ion  I n s t r u c t i o n s  I n s t r u c t i o n s  

3.60 

1 . 3 8  

2.60 

2.57 

5 . 8 9  

4 .29  

4.40 

7 . 6 8  

2 . 1 8  

1 . 6 5  

4.84 

1 . 6 1  



Table A3. A u d i t o r y  and v i s u a l  be ta  scores as  a f u n c t i o n  of 
t r i a l  type (long RT v s  short  RT) in t h e  a l t e r n a t e  c h a n n e l .  

TRIAL TYPE 

MODALITY LONG RT SHORT RT 

AUDITORY 

VISUAL 

7.74 

7 . 5 8  

7.25 

7.07 

I 

I 
n 
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Tab le  A 4 .  A u d i t o r y  a n d  v i s u a l  RT as  a f u n c t i o n  of t r i a l  
t y p e  ( change  v s  no change)  i n  t h e  a l t e r n a t e  c h a n n e l .  

TRIAL TYPE 

MODALITY CHANGE NO CHANGE 

AUDITORY 3 82 376 

VISUAL 357 357 
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Table AS. Auditory and v i sua l  beta  scores  a s  a func t ion  of 
trial type ( r e s p o n s e  v s  no r e sponse )  i n  t h e  a l t e r n a t e  
channel. 

T R I A L  TYPE 

RESPONSE NO RESPONSE MODALITY 

AUDITORY 

V I S U A L  

5 . 5 4  

5.77 

6 . 6 4  

8.07 



B 
I 
I 

1 -- 

I 
I 
I 

T a b l e  A6. A u d i t o r y  a n d  v i s u a l  beta  scores as a f u n c t i o n  of 
t r i a l  t y p e  ( H ,  FA,  C R ,  M) i n  t h e  a l t e r n a t e  c h a n n e l .  

TRIAL TYPE 

MODALITY H FA CR M 

AUDITORY 5.98 1 .30  7.37 5.68  

VISUAL 5.76 2.37 9.16 6.14 
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me 
1 
1 
I 
I 
I 
I 
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T a b l e  A7.  A u d i t o r y  a n d  v i s u a l  RT as a f u n c t i o n  of t r i a l  
type  (H, FA, CR, M) i n  t h e  a l t e rna te  channel .  

TRIAL TYPE 

MODALITY H FA CR M 

AUDITORY 371 188 368 256 

VISUAL 342 220 347 2 8 1  
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Table A8. A u d i t o r y  and v i s u a l  beta scores  as a f u n c t i o n  of 
t r i a l  t y p e  ( c o r r e c t  v s  i n c o r r e c t )  i n  t h e  a l t e r n a t e  channel .  

T R I A L  TYPE 

MODALITY CORRECT INCORRECT 

AUDITORY 

VISUAL 

4.26 

4 . 8 9  

7.00 

8.59 

I 



Tab le  A9. A u d i t o r y  and  v i s u a l  RT a s  a f u n c t i o n  of t r i a l  
t y p e  ( c o r r e c t  v s  i n c o r r e c t )  i n  t h e  a l t e r n a t e  channe l .  

I 
I 

TRIAL TYPE 

MODALITY CORRECT INCORRECT 

AUDITORY 364 326 

VISUAL 328  346 


